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ABSTRACT 
 Elite athletes are constantly in search of methods that optimize training, including 
physical and mental strategies that enhance performance. It is well known that thoughts 
and feelings, particularly during the stress of competition, can impact performance 
(Weinberg & Gould, 2014).  Trainers and athletes seek methods that will help them 
manage inner states and responses related to thoughts, emotions, and attention. Such 
methods often focus on developing self-awareness of thoughts, emotions, and 
physiological states and are designed to lead to self-regulation, or the ability to manage 
those states and responses during training and competition. Two techniques that have 
received attention in sport research are biofeedback and mindfulness training. 
Biofeedback leverages technology to monitor a person’s physiological reactions and 
display them in a simple, easy to understand manner. This allows for greater self-
awareness and self-regulation of physiological responses. Mindfulness training relies on 
present-moment, non-judgmental awareness of thoughts and feelings. To date, a number 
of studies have reported some benefits for athletes’ physiological or psychological 
 vi 
outcomes, but few report actual sport performance changes (Blumenstein & Orbach, 
2014; Sappington & Longshore, 2015). 
A new self-regulatory strategy, mindfulness-based biofeedback, seeks to integrate 
the features of mindfulness training into a traditional biofeedback intervention protocol 
(Khazan, 2015).  Athletes learn skills in present-moment, physiological and cognitive 
self-awareness, and consequently, self-regulation. To date, only a few studies have 
discussed this new technique in sport (Khazan, 2016), and none present empirical 
evidence for its effectiveness. The current study used a single-subject design to explore a 
mindfulness-based biofeedback intervention with female soccer athletes (n=4), using 
direct measures of physiology, psychology, and sport performance. Physiological 
outcomes included heart rate, heart rate variability, respiration rate, skin conductance, 
and skin temperature. Psychological outcomes included scores on the CSAI-2, and the 
MAAS. Sport performance was measured using the Loughborough Soccer Passing Test 
(LSPT). 
Clear performance improvements were seen for all athletes, with physiological 
and psychological results being more variable. Physiological parameters showed 
improvement, while psychological variables were mixed with some signs of increased 
anxiety, decreased self-confidence, and decreased mindfulness. Although outside 
confounding factors could have contributed to increases in anxiety, decreases in 
mindfulness may have actually been an indication of the development of improved self-
awareness. Athletes appeared to have benefited from the mindfulness-based biofeedback 
intervention. As this study was the first to examine mindfulness-based biofeedback 
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training in a sport setting, the stage has been to set to more fully explore this promising 
athletic mental training technique. 
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Chapter 1 
Introduction 
1.0 Introduction 
Performance improvement is a critical factor in many aspects of life. Broadly 
speaking, performance can include executing action, the implementation or fulfillment of 
a claim, promise, or request, or behavior including reactions to stimuli (“performance”, 
n.d.). Students, professionals, workers, musicians, and athletes all perform. Typically, all 
these ‘performers’ also strive to improve and optimize their performance. In order to 
achieve optimal performance most profession fields seek to provide their members with 
skills necessary for continued growth and improvement. Examples include a high school 
teacher providing his students with strategies for more effective studying, or an 
orthopedic surgeon taking a recertification course, and a psychologist participating in 
continuing education necessary to maintaining her practice. One realm in which 
performance gains are highly valued is in sport. While dedication, consistency and hard 
work are all prerequisites for improving sport performance, athletes are constantly in 
search of methods that optimize training. Finding effective physical and mental strategies 
that enhance performance creates efficiency and leads to faster improvement. Athletes 
who are skilled at self-regulation, both mental and physical, excel during training and in 
competition. 
1.1 Obstacles to performance in sport: Two examples. 
Grayson is a Division I soccer player who has been playing at a high level for 
many years. His team has made it to the championship game which has ended in a tie. 
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Grayson is up next for his team to take a penalty kick which, if he can score, will put his 
team that much closer to victory. He steps to the line, sets the ball and then begins to 
notice that his breathing has intensified. As he sees and hears the large crowd he begins 
to feel his heart beating faster and faster in his chest. Although he has practiced this shot 
thousands of times he begins to doubt himself. His heart races. His mind jumps. The 
pressure is on. Grayson takes the kick and the goalie is able to make an easy save. 
Although his team gives him support he knows he let them down and hangs his head in 
disappointment. 
Maggie is also a Division I collegiate soccer player with just as much playing 
experience and training as Grayson. Maggie’s team has made it to the National Collegiate 
Athletic Association (NCAA) tournament and her team is playing a hard-fought game 
against a strong opponent. Time is running out but Maggie’s team just received a free 
kick that is within scoring distance. Maggie is called upon to take the kick. She has 
practiced kicks like this thousands of times and is confident she can score. The referee 
sets the ball and Maggie lines up to take the kick. She notices her breathing rate has 
increased and her palms have gotten sweatier. As she looks around she sees the huge 
crowd and hears their loud cheers. Her heart is beating out of her chest and she begins to 
wonder whether she should be the one to take the kick. After a quick pause, she notices 
her negative thoughts and becomes aware of how they are affecting her breathing and 
heart rate (HR). She reminds herself of all the hard work she has put in at practice, and 
refocuses on the task at hand. Maggie takes a long, slow deep breath as she feels her HR 
steadying. She takes another calming breath and her mind can only focus on one thing: 
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scoring this goal. At the referee’s whistle Maggie strikes the ball solidly and it sails past 
the goalkeeper’s reach into the upper right corner of the goal. Her team mobs her with 
congratulations as they have taken the lead. 
What is the difference between these two situations? Both players have been 
playing their sport for many years and have dedicated hours and hours of practice to 
perfecting their skills. When it came down to that crucial moment however, Maggie was 
able to perform optimally while Grayson was not able to reach his potential. Maggie was 
able to recognize the thoughts in her mind and the sensations in her body. She was able to 
use this awareness to her advantage, and to alter aspects of her cognition and physiology 
that were not helpful. Maggie used her abilities of self-awareness and self-regulation to 
help her play her best. 
There have been several different approaches, spanning a spectrum from 
psychological through psychophysiological (Weinberg & Gould, 2014) to improving 
athletes’ self-awareness and self-regulation to enhance athletic performance. Biofeedback 
has been used for several decades as a means to improve sport performance by raising 
athletes’ ability to self-regulate in the face of stressful competitive circumstances 
(Oppermann, 2013). Yet methods to enhance sport performance with applied 
psychophysiology, and specifically biofeedback or neurofeedback, have been 
underutilized (Arns, de Ridder, Strehl, Breteler, & Coenen, 2009). Consistent use of 
biofeedback for sport performance enhancement has not spread widely. Partly to blame 
for the lack of adoption by athletes and coaches is the lack of sound empirical evidence 
linking biofeedback interventions directly to sport performance improvement.  
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More recently, sport psychology practitioners have turned to mindfulness training 
to achieve greater self-awareness of thoughts and feelings that may undermine sport 
performance (Pineau, Glass, & Kaufman, 2014).  Yet few of these studies look directly at 
the impact of mindfulness training on sport performance (Baltzell, 2016; Sappington & 
Longshore, 2015; Stankovic, 2015). Most recently, mindfulness-based biofeedback is a 
new mental training strategy which combines both approaches. Formally integrating the 
techniques was first suggested in 2011 (Edwards, 2011), though, it has been only recently 
that clinicians combined the Western practices of biofeedback with the Eastern traditions 
of mindfulness (Khazan, 2014). However, apart from some anecdotal, clinically focused 
reports there is very little research exploring this topic (Khazan, 2013). A few studies 
have found positive effects of mindfulness-based biofeedback outside of sport (Johnson, 
2016; Klich, 2016; Moss, 2016), but no empirical studies have been conducted of the 
effectiveness of this approach in sport to date. 
Athletes, coaches, and trainers typically have limited time, energy, and resources 
and want to allocate these in ways which prove most valuable. In sports, high value is 
placed on competitive success (Frey, 2007; Kelley & Gill, 1993; Martin, Dale, & 
Jackson, 2001).  If research can provide more convincing evidence to athletes and 
coaches that biofeedback, mindfulness techniques, or a combination have the ability to 
directly improve sport performance, greater adoption will likely take place. With more 
athletes using these techniques for performance enhancement the field of applied 
psychophysiology as a whole will benefit. The goal of this dissertation is to add to the 
existing empirical evidence demonstrating ways in which these techniques may help 
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athletes foster self-awareness and learn to self-regulate in order to improve performance. 
1.2 Background 
1.2.1 Tools for fostering self-regulation and self-awareness. An awareness of 
thoughts, emotions, and behaviors can be very beneficial to an athlete. The theory 
underlying cognitive behavioral therapy (CBT), a set of techniques that has dominated 
the field of sport psychology (Whelan, Mahoney, & Meyers, 1991; Williams & 
Leffingwell, 2002) relies strongly on the connection between cognition (thoughts), 
emotion (feelings), and action (physiology & performance). See Figure 1 for a graphical 
depiction of this concept. Our thoughts and emotions affect how we feel, which in turn 
affects our ability to perform. This can lead to negative performance outcomes, but also 
opens the possibility for greater psychological and physiological control over our 
performance. An athlete can exploit these connections by consciously manipulating any 
one aspect of the triad, and in turn affecting the others. By utilizing the underlying 
 
Figure 1. The cognitive behavioral triangle. This figure illustrates the relationship and interaction 
of thoughts, emotions, and behaviors. 
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connections between the mind and the body an athlete can effectively set a base of 
awareness and regulation which could help to facilitate peak performance. 
Self-regulation is a broadly applicable concept that was recognized early on in the 
development of the field of sport psychology to be an important factor in sport 
performance. “Self-regulation involves complex interactions between cognitions (e.g., 
goal-setting, planning), affect (e.g., excitement, fear, anger, tension), physiology (e.g., 
strength, physical condition), and environmental variables” (Kirschenbaum, 1987). In 
particular, when considering athletic outcomes, self-regulation can be defined “as the 
ability to control inner states or responses with respect to thoughts, emotions, attention, 
and performance” (Bell, & Deater-Deckard, 2007). The athlete that can manage these 
processes is better equipped to improve performance and excel in sport. 
The starting point for developing the ability to self-regulate lies in self-awareness 
of thoughts, emotions, and physiological states. If the athlete doesn’t know where he is 
starting from, it is difficult to determine where he wants to go and how to get there. Elite 
athletes have in fact recognized this for quite some time (Bull, Shambrook, James, & 
Brooks, 2005). Vealey (2007) suggests that self-awareness is the ability to engage in 
introspection and retrospection to understand one’s thoughts, feelings, and actions. This 
understanding is a necessary precursor to effective self-regulation and ultimately 
successful sport performance (Anderson, Hanrahan, & Mallett, 2014; Chen & Singer, 
1992). Once an athlete has the capacity to achieve accurate awareness of the mental and 
physical self, that athlete can then use his self-regulatory capacities to optimize his 
performance state. 
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1.2.2 Can self-regulation and self-awareness be trained? “Consistent optimal 
sport performance stems from the ability to self-regulate one’s physiological and 
psychological states” (Dupee, Forneris, & Werthner, 2016). It is important to note that 
self-awareness and self-regulation of thoughts and physiology can be trained (Cleary & 
Zimmerman, 2001; Cleary, Zimmerman, & Keating, 2006; Kirschenbaum, 1984). An 
athlete who practice self-awareness and regulation of thoughts and physiology can make 
improvements in her abilities over time. It must be noted though, that this learning is not 
simple (Harmison, 2011). Similar to learning the skills, techniques, strategy, and tactics 
of a sport, self-awareness and self-regulation require focused, intentional, ongoing 
practice. Fortunately, there are strategies that can aid the athlete in first building self-
awareness of thoughts, body sensations, and their interactions, and then developing skills 
in self-regulation of these properties. Biofeedback, and mindfulness training are two tools 
which are effective techniques for fostering self-awareness and self-regulation.  
1.2.2.1 Biofeedback: A tool for self-regulation. Biofeedback is a method used to 
monitor a person’s physiological reactions and display this information back to them 
(Schwartz & Andrasik, 2015). This typically occurs through the use of specific 
technology which can record, measure, and present physiological information. Sensors 
are placed on the body in various locations, depending on the biological signal that is 
being recorded. These sensors record information about the state of the body and pass 
this information through an encoder to a computer. There is no signal being transferred 
through the sensors to the person’s body. Computer software processes the physiological 
information and presents it to the person in a simplified, meaningful way. Usually this 
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takes the form of basic line graph traces or moving bar graphs, but may include video and 
audio feedback. For example, a chest strap containing a respiratory strain gauge placed 
around the torso can measure the movement of the abdomen, which determines breathing 
rate and pattern. This information is then displayed on a computer screen showing the 
user a moving line representing inhalation and exhalation. With the help of this graphic 
the individual can more easily learn to slow down his breathing rate and regulate himself. 
This feedback provides a way for an individual to change or optimize particular bodily 
functions; in other words, to learn, practice, and excel at self-regulation.  
As a methodology, biofeedback has been around for several decades (Hefferline 
& Perera, 1963; Kimmel & Hill, 1960; Shapiro & Crider, 1967), with an emergence in 
sport coming a little later (Croce, 1986; Cummings, Wilson, & Bird, 1984; DeWitt, 1980; 
Zaichkowsky, Dorsey, & Mulholland, 1979; Zaichkowsky & Kamen, 1978). Within the 
last decade, there has been a surge in growth of the use of biofeedback. Much of this is 
due to the technological advances that make recording, displaying, and reporting 
physiological signals easier. This general growth has occurred across the sport sciences. 
Two examples include using GPS to evaluate athlete movement, and biofeedback for 
injury rehabilitation. With regard to tracking athlete movement, GPS devices provide 
large amounts of data that can inform decision making on athlete training and 
performance. However, much of the time the specific source of  data is unclear and the 
best way to utilize the information is lacking (Malone, Lovell, Varley, & Coutts, 2017). 
Much of the rehabilitation work using biofeedback provides electromyographic (EMG) 
information to athletes and trainers which aids in the recovery process (Ford, DiCesare, 
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Myer, & Hewett, 2015). 
Less prominent has been the growth of biofeedback as a psychophysiological 
training tool for mental performance in sport. Motivation for this study relies partly on 
the need for more empirical evidence showing the benefits of biofeedback for improved 
sport performance. With that, the use of biofeedback as a tool for mental training will be 
the focus of this manuscript. 
Biofeedback has been widely used in domains other than sport performance since 
the 1970’s. Biofeedback training has been used for modulation of respiration (RESP), 
HR, skin temperature (TEMP), perspiration, muscle tension, and brain wave activity 
(Leonards, 2003; Petruzzello, Landers, & Salazar, 1991; Thompson, Steffert, Ros, Leach, 
& Gruzelier, 2008). More specifically, biofeedback has been shown to be effective at 
alleviating symptoms of chronic pain (Sielski, Rief, & Glombiewski, 2016), anxiety 
(Goessl, Curtiss, & Hofmann, 2017), headache (Minen, et al., 2016), as well as many 
other conditions. In addition, brain wave biofeedback or electroencephalographic (EEG) 
biofeedback has proven to be a non-pharmacological, efficacious treatment for attention 
deficit hyperactivity disorder (ADHD) in children (Arns et al., 2009). Although proven 
effective in other clinical domains, the research showing that biofeedback has direct 
efficacy in sport performance improvement has grown slowly. Few studies exist that 
examine a biofeedback protocol, and includes physiological outcome measures, as well 
as quantifies a performance outcome. This, along with such factors as inconvenient 
technology, cost of equipment, and lack of understanding has resulted in athletes being 
slow to adopt biofeedback training into their standard preparation protocols (Perry, Shaw, 
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& Zaichkowsky, 2011). Athletes are interested in strategies that will help them play 
better. Until the research catches up with the recent surges in technological progress, 
biofeedback will only see modest adoption in sport. 
One of the studies which explore the effect of biofeedback training in sport 
focused on batting performance in baseball players (Strack, 2003). This study showed 
that subjects receiving the biofeedback intervention improved significantly more in 
batting performance than controls. Similarly, Lagos (2008) and colleagues have shown 
that biofeedback training is associated with performance improvements in golf.  This case 
study describes a golfer who improved his mean golf score by 15 strokes as compared to 
the previous season, in addition to achieving a personal record (Lagos et al., 2008). 
Further, another case study reported on a golfer who was able to improve performance 
across several domains of a virtual reality golf game (Lagos et al., 2011). Conversely, 
dissertation research by Tanis (2008) showed that women collegiate volleyball players 
were able to learn to self-regulate their physiology with the use of biofeedback training, 
but saw no performance improvements. Finally, when swimmers were evaluated on 
swimming and running times after going through a biofeedback and mental training 
intervention their performance improved across both measures (Bar-Eli & Blumenstein, 
2004). 
More recently research continues to study the effects of biofeedback interventions 
on sport performance. However, the studies typically use an indirect measure of 
performance. For example, Dupee, Werthner, and Forneris (2015) looked at the 
relationship between physiological self-regulation ability and world ranking in freestyle 
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skiing athletes. Although they showed a significant correlation between level of self-
regulation and sport ranking, there was no direct link made between psychophysiological 
training and performance improvement. Similarly, research has shown a link between 
biofeedback and neurofeedback training, and reduced reaction times in a canoe athlete 
(Christie & Werthner, 2015). Although quicker reaction times are certainly beneficial to 
performance, they are among a large variety of factors that all contribute to positive 
performance outcomes. Future research would benefit from controlled studies that use an 
experimental paradigm linking psychophysiological training with sport performance. 
1.2.2.2 Mindfulness training: A tool for self-awareness. Mindfulness is an 
ancient approach which has realized new utility because it allows for awareness of the 
present moment and acceptance of thoughts and feelings. More specifically, Kabat-Zinn 
defines mindfulness as “paying attention in a particular way on purpose, in the present 
moment, and nonjudgmentally” (Kabat-Zinn, 2004, p. 4). This present moment 
awareness helps an individual to distinguish between what can be changed and what 
cannot be changed, and to focus on what is within their control, and accept that which is 
not. In addition, mindfulness practices allow for a space or pause between a stimulus and 
its response (Mumford, 2015). This space enables people to respond effectively to their 
environment as opposed to reacting to it. An illustrative example would be getting cut off 
in traffic. The automatic reaction to that stimulus is typically anger, beeping the horn and 
possibly yelling and gesturing at the other driver. However, a mindful approach would 
allow for a pause and a more appropriate response. This mindful response may include a 
realization that the other driver was not ill-intentioned, and that anger and expletives 
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serve no useful purpose, while leading to a decision to respond with a deep breath and a 
refocusing of attention to the road. 
Similarly to biofeedback, foundational aspects of mindfulness, such as self-
awareness have been indirectly used in sport psychology for years (Gallwey, 1976). It has 
only been more recently however that mindfulness-based techniques have become more 
prominent in the fields of counseling and performance enhancement training. For an 
athlete, these skills become critical to efficient training and competition performance. 
Using both physical and mental energy on factors that are unchangeable will not yield 
productive results. Also, reacting ineffectively and without consideration of the outcome 
could yield unintended or detrimental consequences. In contrast, building awareness of 
what can be changed at that moment and focusing effort towards such outcomes becomes 
a more productive use of mental and physical energy for the athlete. 
Although the use of mindfulness for sport performance has only recently begun to 
emerge, initial, limited research, and anecdotal evidence have shown promising results. 
Kaufman and Glass (2006) developed the Mindful Sport Performance Enhancement 
(MSPE) protocol in order to train athletes in the fundamentals of cultivating mindfulness. 
The MSPE consists of several weeks of group sessions and individual at-home practices 
which focus on introducing the basis of the mindfulness approach and on having the 
athlete practice various meditations. Another performance enhancement intervention 
which consists of in-session discussions, as well as group and individual exercises is the 
Mindfulness Acceptance Commitment (MAC) approach (Gardner & Moore, 2012). Most 
recently, Mindfulness Meditation Training for Sport (MMTS) has integrated traditional 
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sport psychological skills training with mindfulness training (Baltzell, & Summers, 2016; 
Baltzell, & Akhtar, 2014). This approach also relies on in-session meditations as well as 
at-home practice. 
There are commonalities as well as differences among these programs. The MAC 
approach was developed as a ‘third wave’ psychological method in which acceptance is a 
key factor. This is in contrast to the cognitive behavioral approach where the goal is to 
change unproductive thoughts and feelings. MSPE models its approach for a sport setting 
on the practices of mindfulness-based stress reduction (MBSR) and mindfulness-based 
cognitive therapy (MBCT) with a focus on mindfulness and meditation training. Finally, 
MMTS relies on the integration of psychological skills training with mindfulness training 
emphasizing compassion for the self. All three approaches share some important 
characteristics in coming to a definition of mindfulness, including engagement in the 
present moment with thoughtful awareness of attention. 
Although these three approaches have generated some promising links between 
mindfulness practice, and cognitive and emotional changes, empirical evidence showing 
a clear link between mindfulness training and improved sport performance is still 
missing. In their recent systematic review Sappington & Longshore (2015) call for more 
rigorous and structured methods of evaluation of mindfulness-based interventions in 
sport, having been able to include only 19 empirical trials. Of those, two studies included 
a direct measure of sport performance. John, Verma, and Khanna (2011) showed 
shooting performance improvements after a mindfulness meditation therapy intervention 
in elite marksmen. Additionally, professional badminton players exhibited performance 
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improvements, as measured in five scored badminton matches after receiving 
mindfulness techniques education (Moghadam, Sayadi, Samimifar, Moharer, 2013). It 
should be noted that although the John et al. (2011) study was considered “very good 
quality”, the Moghadam et al. (2013) study was assessed as “poor quality” by Sappington 
and Longshore (2015) citing numerous methodological flaws. 
1.2.2.3 Mindfulness-based biofeedback: A new tool for fostering self-regulation. 
At the crossroads of these two self-regulatory and performance enhancing strategies, 
biofeedback and mindfulness training, is a new approach in which these two techniques 
are combined in order to maximize efficacy and positive outcomes. Mindfulness-based 
biofeedback seeks to integrate the features of mindfulness meditation training into a 
traditional biofeedback intervention protocol. “Mindfulness meditation enhances internal 
awareness of physiological states, facilitates passive volition, improves attention, and 
encourages structural and functional brain changes conducive to lower sympathetic 
arousal. All of these factors are vital to biofeedback success” (Khazan, 2015). 
The practice of mindfulness-based biofeedback can be thought of as a reciprocal 
relationship between the techniques of biofeedback and those of mindfulness training. 
Biofeedback is a tool that helps to build greater physiological and psychological self-
awareness. This increased self-awareness can bring about greater mindfulness. 
Conversely, the practice of mindfulness training allows for a process-oriented focus that 
is necessary to a successful biofeedback strategy. The combination and integration of the 
two techniques is thought to lead to enhanced learning of self-regulation skills (Wyner, 
2015). 
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Mindfulness-based biofeedback is a new training strategy which has only recently 
seen clinicians combining the Western practices of biofeedback with the Eastern 
traditions of mindfulness. Formally integrating the techniques was suggested as far back 
as 2011 (Edwards, 2011). However, apart from some anecdotal, clinically focused reports 
there is very little research exploring this topic (Khazan, 2013). To date, few studies exist 
across all fields. Wyner (2015), in a pilot study, showed that using mindfulness and 
biofeedback was effective at reducing student stress in a university counseling center 
setting. Another example case study showed positive results when applying a 
mindfulness and acceptance-based biofeedback treatment to an older male with irritable 
bowel syndrome (Johnson, 2016). Seidi and colleagues (2016) showed that mindfulness-
based biofeedback therapy reduced anxiety and blood sugar (HbA1c) levels in an 
experimental group of diabetic patients. Finally, another case study examined the use of 
compassion-based strategies within mindfulness-based biofeedback treatment with a 
veteran and his spouse, and found improved physical and emotional outcomes for both 
(Klich, 2016). 
Within the realm of sport, only a few studies have examined the emerging training 
strategy of mindfulness-based biofeedback (Ford, Wyckoff, & Sherlin, 2016; Khazan, 
2016). Initially proposing the combination and integration of biofeedback and 
mindfulness training (Khazan, 2015), Khazan recently further introduced a 
comprehensive methodology for optimal performance training using mindfulness-based 
biofeedback. A step-by-step approach was detailed in which the key contributions from 
both biofeedback techniques and mindfulness training are utilized to optimize training for 
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peak performance. Additionally the FLARE (Feel, Label, Allow, Respond, Expand) 
technique is described as an easy-to-use guide when practicing this mindfulness-based 
biofeedback training (Khazan, 2016). Ford and colleagues (2016) summarized the 
literature and addressed the combination of biofeedback and mindfulness as an approach 
to improve performance among athletes. First, they describe the psychophysiology of 
mindfulness, with an emphasis on neurofeedback techniques (neurofeedback techniques 
are a subset of biofeedback that provides representations of brain wave activity). They 
follow this with a sampling of examples of the combination of biofeedback and 
mindfulness in various clinical populations. Finally, a case narrative of a collegiate golfer 
was presented as an example of a way in which neurofeedback and mindfulness could be 
combined for the purpose of performance enhancement (Ford et al., 2016). 
Biofeedback and mindfulness training, each used alone, have proven to be 
beneficial to improving a variety of conditions. Further, but again individually, 
biofeedback or mindfulness training research has produced a number of studies that have 
reported some benefits for athletes’ physiological or psychological outcomes 
(Blumenstein & Orbach, 2014; Sappington & Longshore, 2015). However, few of these 
report actual sport performance changes.  
The new self-regulatory strategy, mindfulness-based biofeedback, seeks to 
integrate the features of mindfulness training into a traditional biofeedback intervention 
protocol (Khazan, 2015). Although there is beginning research examining mindfulness-
based biofeedback interventions, to date, only a few studies have examined this new 
technique in sport (Ford et al., 2016; Khazan, 2016), and none present empirical evidence 
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for its effectiveness. The current study used a single-subject design to explore a 
mindfulness-based biofeedback intervention with soccer athletes, using direct measures 
of physiological outcomes, psychological outcomes, and sport performance measures. 
1.3 Aim of Study 
The purpose of this dissertation research was to evaluate a mindfulness-based 
biofeedback intervention on its ability to affect self-awareness, self-regulation, and sport 
performance in soccer athletes, as measured by a variety of physiological, psychological, 
and sport performance measures described in detail below. The mindfulness-based 
biofeedback approach emphasizes guiding the athlete in learning skills that focus on 
awareness of the present moment and attention to factors that are within the control of the 
athlete at that time (Khazan, 2013). Athletes in this study had the benefit of mindful 
guidance of self-awareness and self-regulation of thoughts, feelings, and body sensations 
with enhancements from detailed psychophysiological information provided to them 
through biofeedback.  
The ultimate aim of this study was to assess the effectiveness of this approach 
through tracking changes in three different types of measures: physiological (including 
HR, RESP, heart rate variability (HRV), skin conductance (SC), and TEMP); 
psychological (including competitive anxiety related measures (CSAI-2), and 
mindfulness awareness measures (MAAS)); and sport performance (including soccer 
passing skill measures (LSPT)).  
1.4 Research Questions 
The research questions posed in this study all seek to investigate the impact of a 
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mindfulness-based biofeedback intervention on three different types of measures in a 
small sample of soccer athletes. Specifically: 
1. Is there a significant impact of the mindfulness-based biofeedback training on 
individual athletes’ physiology as measured by heart rate, heart rate variability, 
respiration rate, skin conductance, and skin temperature? 
2. Is there a significant impact of the mindfulness-based biofeedback training on 
individual athletes’ psychology in the form of competitive anxiety as measured by 
the Competitive State Anxiety Inventory 2, and mindfulness awareness as 
measured by the Mindfulness Attention Awareness Scale? 
3. Is there a significant impact of the mindfulness-based biofeedback training on 
individual athletes’ soccer performance as measured by passing skill in the 
Loughborough Soccer Passing Test? 
Additionally, an investigation of the relationships among these three different 
types of measures, psychological, physiological, and sport performance was undertaken. 
Any potential interactions among the three variables was described. 
1.5 Research Design 
The purpose of the current research was to evaluate a mindfulness-based 
biofeedback intervention on its ability to affect self-awareness, self-regulation, and sport 
performance in soccer athletes. The mindfulness-based biofeedback approach 
emphasized guiding the athlete in learning skills that focus on awareness of the present 
moment and attention to factors that are within the control of the athlete at that time 
(Khazan, 2013). Athletes in this study had the benefit of mindful guidance of self-
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awareness, as well as physiological information provided to them through biofeedback in 
order to learn self-regulation skills. 
The study used a single-subject, multiple-baseline across participants design in 
which each athlete served as her own control. Single-subject designs are beneficial, 
especially within sport psychology, because they help to provide understanding of 
effective interventions, and can serve to evaluate applied practice (Barker, Mellalieu, 
McCarthy, Jones, & Moran, 2013). Although samples sizes of 14 have been seen, typical 
single-subject research utilizes 1-5 subjects (Barker et al., 2013). This project enrolled 
five high school soccer athletes. 
For several decades arguments have been made for the increased use of single-
subject research designs in sport psychology (Barker et al., 2013; Bryan, 1987; Hrycaiko 
& Martin, 1996; Martin, Thompson, & Regehr, 2004; Zaichkowsky, 1980). There are 
several reasons why single-subject methods are suitable for research within sport. These 
designs show promise when exploring new areas of research or when working with 
unique populations, for example competitive athletes. Additionally, within sport, small 
changes in outcome may be masked within a larger group experimental study. These 
small changes, although potentially not statistically significant may have dramatic, 
practical significance to athletes and coaches (Barker et al., 2013). As an example, think 
of the fractions of a second that determine Olympic medal competition results. 
Furthermore, athletes and coaches may be hesitant to participate in studies in which the 
athlete is in a control condition and does not receive the potentially beneficial 
intervention. Finally, the large, random sample needed for experimental studies may be 
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more difficult to obtain within a population with the unique characteristics of competitive 
athletes (Hrycaiko & Martin, 1996). 
The study evaluated the effects of a MBT intervention, consisting of an initial 
five-day intensive mindfulness-based biofeedback training phase, followed by up to 
seven weeks of continued at-home practice and weekly check-ins on three types of 
dependent variables: physiological, psychological, and sport performance. Assessments 
of these three parameters were made over the course of the entire study. This allowed for 
accurate understanding of changes that took place possibly due to the intervention 
procedures. 
1.6 Significance 
Biofeedback and mindfulness training, used separately, have proven to be 
beneficial to improving a variety of conditions. Further, separate studies examining either 
biofeedback or mindfulness training have reported some benefits for athletes’ 
physiological or psychological outcomes (Blumenstein & Orbach, 2014; Sappington & 
Longshore, 2015). However, few of these report actual sport performance changes. 
In general, biofeedback studies have primarily shown changes in physiological 
measures such as HR and HRV or muscle tension; or in psychological measures such as 
anxiety. Mindfulness studies have primarily tracked changes in psychological dimensions 
such as anxiety or stress.  While both physiological and psychological dimensions have a 
relationship to sport performance, the relationship is indirect. Therefore, future studies 
should ideally track the entire array of outcome measures: physiological, psychological, 
and sport performance. 
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The new self-regulatory strategy, mindfulness-based biofeedback, seeks to 
integrate the features of mindfulness training into a traditional biofeedback intervention 
protocol (Khazan, 2015). Although there is beginning research examining mindfulness-
based biofeedback interventions, to date, only a few studies have examined this new 
technique in sport (Ford et al., 2016; Khazan, 2016), and none present empirical evidence 
for its effectiveness. Ideally, studies of this new approach should adopt a 
multidimensional approach to tracking outcomes.   
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Chapter 2 
Literature Review 
2.0 Introduction 
This chapter includes a discussion of the relevant literature as it pertains to the 
specific aims of the research study. This begins by relating the importance that 
psychological factors play in sport. In particular, the factors of self-regulation and self-
awareness are examined within the context of sport performance. Self-regulation and 
self-awareness are then further analyzed for their value to performance enhancement 
through outlining methods which can train or improve these factors. Biofeedback and 
mindfulness emerge as critical components of training strategies to improve physiological 
self-regulation which can lead to sport performance improvement. The review will 
continue with the literature on biofeedback, and its application in sport. Similarly, 
mindfulness approaches to sport performance enhancement will be reviewed. Finally, a 
look at the emerging literature on mindfulness-based biofeedback will be undertaken, 
setting the foundation for the research study. 
2.1 Self-regulation 
2.1.1 Introduction.  In order to excel at any sport, a specific minimum set of 
physical characteristics must be present. There are always exceptions, but characteristics 
such as height, weight, speed, and strength play a large role in determining success in 
sport. However, more and more are arguing that the mental side, or psychological 
characteristics play an equal or greater role in peak performance (Issurin, 2017; Orlick & 
Partington, 1988; Walsh, 2014; Yeemin, Kemarat, & Prachakul, 2016). 
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 There are a variety of psychological factors that are important to optimal sport 
performance. Mental skills such as goal setting, imagery, competitive planning, 
refocusing, coping skills, arousal regulation, facilitative interpretation of anxiety, and 
attention control (Harmison, 2011), among others all benefit the athlete. Athletes that 
learn, practice and execute these mental skills perform better. In particular, 
understanding, interpreting, and modulating mental and physical arousal levels through 
self-awareness and self-regulation are critical. It is for this reason that the following 
review will focus on these psychological skills, and in particular the psychophysiological 
aspects of self-awareness and self-regulation. 
2.1.2 Defining self-regulation in sport psychology. Early reviews of this area 
suggested that optimal sport performance depended on the self-regulatory ability of the 
athlete. Kirschenbaum (1984) posited a five-stage model of self-regulation that included 
the athlete’s ability to manage their physical environment, and to execute certain self-
regulatory components such as self-monitoring, self-evaluation, and self-consequation. 
Furthermore, self-regulation involves a complex interaction among cognition, emotion, 
physiology, and environment (Kirschenbaum, 1987).  
 In refining these ideas Zaichkowsky and others conceptualized self-regulation 
within the concept of physiological arousal. Several theories describe how differing 
arousal levels affect athletic performance (for a review see Zaichkowsky & Takenaka, 
1993; Zaichkowsky & Naylor, 2004). In general, they describe a range of physiological 
states that may either facilitate or hinder athletic performance. When an athlete’s current 
physiological, cognitive, or emotional state places them in a situation that is not optimal 
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for performance they must utilize strategies to control arousal levels and move into a 
more desirable state. It is this management of arousal levels that can be thought of as self-
regulation (Zaichkowsky & Takenaka, 1993; Zaichkowsky, 1982; Zaichkowsky & 
Naylor, 2004). 
 Within sport, and beyond, there is general agreement that self-regulation involves 
physiological, attentional, emotional, cognitive, and behavioral levels of operation (Bell 
& Deater-Deckard, 2007). For the purpose of the current study, the following definition 
of self-regulation was used. Self-regulation is the ability to control inner states or 
responses with respect to thoughts, emotions, attention, and performance (Vohs & 
Baumeister, 2016). 
2.1.3 Attributes self-regulated in sport. Given the importance of self-regulation 
for optimal sport performance many research endeavors and practical applications in 
sport psychology have examined this concept. Self-regulation is composed of a wide 
range of related and linked attributes. It is for this reason that many strategies to teach, 
learn, and practice self-regulation have been employed. Self-regulation approaches can be 
broadly divided into two main categories: somatic and cognitive. Of course, there are 
strategies that employ both somatic and cognitive approaches concurrently as well (Pelka 
et al., 2016). Within the category of somatic approaches, self-regulation strategies have 
been examined with respect to heart rate (Anshel, 1996), respiration (Paul & Garg, 2012; 
Paul, Garg, & Singh Sandhu, 2012), heart rate variability (Bar-Eli, 2002; Bar-Eli & 
Blumenstein, 2004; Bar-Eli & Blumenstein, 2004; DeWitt, 1980), muscle tension (Bar-
Eli, 2002; Bar-Eli & Blumenstein, 2004; Bar-Eli & Blumenstein, 2004; Cummings et al., 
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1984; DeWitt, 1980), and galvanic skin response (Bar-Eli, 2002; Bar-Eli & Blumenstein, 
2004; Bar-Eli & Blumenstein, 2004). Cognitive approaches to self-regulation have been 
examined similarly (Pelka et al., 2016). Studies on hypnosis (Barker, Jones, & Greenlees, 
2010; Jalene & Wulf, 2014), meditation (Solberg, Berglund, Engen, Ekeberg, & Loeb, 
1996), and imagery and autogenic training (Groslambert, Candau, Grappe, Dugué, & 
Rouillon, 2003) have been carried out showing promising results for improved 
performance outcomes. 
2.1.4 Self-regulation: Importance in sport performance. The importance of 
self-regulation as a critical component of high level sport performance has been 
established. Cleary and Zimmerman (2001) looked for differences in self-regulatory 
forethought and self-reflection in adolescent boys. In comparing experts, non-experts, 
and novices during a basketball free-throw shooting task, experts demonstrated superior 
self-regulation, showing higher levels of goal setting, technique-oriented strategy, and 
self-efficacy. Similarly, a positive relationship between physiological self-regulation 
ability and world ranking of elite freestyle skiing athletes has been found. Athletes who 
were better at self-regulating had higher world rankings. By measuring the physiological 
response to stressors across a range of modalities, the researchers were able to show that 
the higher the world ranking of the athlete the more easily they were able to return to 
baseline levels (Dupee et al., 2015). In another study that examined psychophysiological 
differences across groups, comparisons of EEG and HRV profiles were made between 
gymnasts who were selected to compete and those that were not. Physiological measures 
were recorded before and after sensorimotor rhythm (SMR) EEG training and HRV 
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biofeedback training, which was provided to all athletes. Although there were no 
significant differences in HRV measures between groups, the competitors showed greater 
levels of confidence pre-training, and decreases in busy-brain (an EEG ratio of 23-34 
Hz/13-15 Hz which is indicative of an athlete trying too hard or experiencing 
nonproductive thoughts (Strack, Linden, & Wilson, 2011)) readings post-training (Shaw, 
Wilson, & Nihon, 2012).  While studying physiological patterning in pistol shooters 
(Tremayne & Barry, 2001) found that in elite shooters electrodermal response and heart 
rate exhibited a slow reduction leading up to the shot, followed by a quick rebound after 
the shot. Additionally, in the elite shooters, researchers found lower electrodermal 
response and longer cardiac decelerations for their best shots as compared to their worst 
shots (Tremayne & Barry, 2001). Taken together this research points to differences in 
self-regulation ability and psychophysiological regulatory capacity in high level athletes. 
Thus, the importance of self-regulation in sport performance becomes clear. 
2.1.5 Self-awareness: Building block of self-regulation. As discussed 
previously self-regulation operates across a range of physiological, attentional, emotional, 
cognitive, and behavioral levels, and can be defined as the ability to control inner states 
and responses across this range (Bell & Deater-Deckard, 2007). A fundamental 
precondition necessity for learning this self-control is an awareness of these inner states 
and responses. Building self-awareness of thoughts, emotions, and physiology is a critical 
first step towards modifying those attributes. For example, an athlete that is not aware of 
her tight muscles will not realize that they are impeding her running speed, and will not 
be able to even begin the process of improvement. 
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 In fact, in an experiment in which the goal was to examine the effects of a 
multimodal self-regulation strategy with athletes, a major intention was to first improve 
awareness of the content and intensity of precompetition emotional and somatic 
indicators. The program helped participants become more aware of emotional and bodily 
symptoms, and once awareness was achieved athletes were trained to improve these 
states (Robazza, Pellizzari, & Hanin, 2004). In agreement with this strategy, 
Zaichkowsky and Naylor (2004) suggested that creating or improving athlete self-
awareness of internal physiological and mental states is the foundation of an intervention. 
Furthermore, when examining psychological factors that make up the experience of peak 
performance for elite athletes, self-awareness was found by Anderson and colleagues 
(2014), to be  
a crucial skill that allows athletes to recognize the necessary elements of the 
psychological state required for peak performance and prompt them to regulate 
relevant areas if they are not in the optimal state to perform at their best. Without 
self-awareness, athletes won’t be able to effectively self-regulate cognitions, 
emotions, and behaviors when required. (p. 329) 
2.1.6 Can self-regulation be trained? As a discipline, sport psychology relies on 
the ability of an athlete to become aware of their own internal and external states. 
Additionally, the capacity to alter these attentional, emotional, cognitive, behavioral, and 
physiological states is what makes performance improvement possible. Various lines of 
research within sport have demonstrated that athletes can learn self-regulation.  For 
example, when biofeedback was originally proposed as a tool to aid sport performance, 
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relaxation was the focus (Zaichkowsky, 1975). With continued use and refinement 
athletes have been learning self-awareness and self-regulation utilizing various relaxation 
techniques (for a recent review see Pelka et al., 2016). The outcome, in many cases has 
also been improved sport performance. As a further evidence of training self-regulation, 
research on biofeedback techniques themselves serve as a viable example. Biofeedback is 
a process that enables an individual to learn how to change physiological activity for the 
purposes of improving health and performance, to self-regulate. With practice and as 
learning occurs, these changes can endure (AAPB, 2008). A variety of research avenues 
have been followed in exploring the ability of biofeedback to train self-regulation. Many 
reviews have evaluated these studies over the years (Oppermann, 2013; Prinsloo, Rauch, 
& Derman, 2014; Zaichkowsky & Fuchs, 1988). A following section (2.2) will review 
biofeedback research in sport in detail. 
2.1.7 How can self-regulation be trained? Although there are numerous ways to 
train self-regulation that have been explored and implemented by sport psychology 
practitioners over the years, this review will focus on two such tools: biofeedback and 
mindfulness. Several years of research have demonstrated the ability of subjects to use 
the tools of biofeedback to practice and learn self-awareness and physiological self-
regulation (Boris Blumenstein, Hung, & Orbach, 2013; Dupee et al., 2015; Reynard, 
Gevirtz, Berlow, Brown, & Boutelle, 2011; Zaichkowsky, 1982). Similarly, findings have 
been established for the role of mindfulness training and meditation techniques in 
building self-awareness and self-regulation skills (Baltzell, 2016; Donald, Atkins, Parker, 
Christie, & Ryan, 2016; Schwartz, Davidson, & Goleman, 1978; Tang et al., 2007). The 
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following sections will review literature related to biofeedback, mindfulness, and their 
combination as tools for learning and practicing self-regulation in athletes. 
2.2 Biofeedback 
2.2.1 Introduction. The human brain, and therefore the mind, and the human 
body are intricately connected and work seamlessly to create behavior. The reciprocal 
interaction of physiology and cognition offers a unique and useful access point for study 
and manipulation. In fact, the field of psychophysiology involves just that; the study of 
the interrelationship of physiological and cognitive processes. Within the field of 
psychophysiology, biofeedback is a tool that helps people learn to alter their behavior 
with feedback about their physiology. Biofeedback can be thought of as a form of applied 
psychophysiology (Schwartz & Andrasik, 2015). 
Biofeedback training allows an individual to learn and develop self-awareness and 
self-regulation. By making available meaningful information about physiological 
processes biofeedback facilitates self-awareness. With this self-awareness as a 
foundation, the real-time feedback of changes in physiology enables development of self-
regulation skills.  
A more formal description of biofeedback was approved by the three major 
organizations representing the field (AAPB, BCIA, & ISNR) in 2008. The standard 
definition is: 
Biofeedback is a process that enables an individual to learn how to change 
physiological activity for the purposes of improving health and performance. 
Precise instruments measure physiological activity such as brainwaves, heart 
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function, breathing, muscle activity, and skin temperature. These instruments 
rapidly and accurately "feedback" information to the user. The presentation of this 
information - often in conjunction with changes in thinking, emotions, and 
behavior - supports desired physiological changes. Over time, these changes can 
endure without continued use of an instrument (AAPB, 2008). 
Biofeedback originated in the 1960’s with seminal work showing that it was 
possible for an individual to voluntarily alter their physiology if they were provided with 
sufficient information about it in the form of feedback (Hefferline & Perera, 1963; 
Kimmel & Hill, 1960; Shapiro & Crider, 1967). By the turn of the century it was 
established that humans could exert voluntary control over their internal states, both 
physiological and psychological. Furthermore, there was a clear connection between the 
physiological and the mental/emotional (Green, Green, & Walters, 1970). Continuing 
from this early work, and through today biofeedback and neurofeedback (brain wave 
biofeedback) has been extensively researched, and proven to be a valuable clinical tool. 
In fact, clinical efficacy has been shown in such various disorders as headache, bruxism, 
gastrointestinal disorders, and Raynaud’s disease (Fisher, Hatch, & Rugh, 2013). More 
specifically, electromyographic (EMG) biofeedback has effectively treated chronic pain 
(Sielski et al., 2016), while neurofeedback has demonstrated efficacy in the treatment of 
ADHD (Arns et al., 2009). Furthermore, a recent systematic review by Schoenberg and 
David (2014) suggested that various biofeedback techniques can be used as an effective 
treatment for several psychiatric disorders, especially those involving maladaptive 
physiological mechanisms. 
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Although biofeedback has become a useful resource in the clinical and medical 
realms, the current study will focus on the use of biofeedback in sport. The following 
section will highlight the historical, prominent, and current research on biofeedback with 
athletes. The section will be organized based on the outcome measure of the research 
studies: physiological, psychological, and performance. 
Typically, research on biofeedback within sport has focused on measuring one or 
more of these three outcomes: physiological, psychological, and/or performance. A 
physiological measure can be thought of as the biofeedback modality. For example, 
respiration rate, heart rate, or muscle tension. For psychological measures researchers 
typically use a psychological assessment to measure facets such as state anxiety, self-
esteem, or attention and awareness. Finally, a subset of the biofeedback research has 
measured sport performance changes. For example, tennis serve accuracy, swimming 
speed, or archery performance. 
2.2.2 Physiological measures in biofeedback research in sport. The purpose of 
biofeedback training is to help an athlete gain control over and alter their physiology. 
Given that, most research involving biofeedback measures the changes in physiology that 
occur with such training.  
The origins of using biofeedback in sport to help athletes improve performance 
can be traced to the mid-1970s. Initially proposed by Zaichkowsky (1975), combating 
stress and anxiety in athletes with biofeedback was suggested as a way to improve sport 
performance. Much of the early work focused on relieving muscle tension using 
electromyographic biofeedback techniques (Croce, 1986; Cummings et al., 1984; DeWitt, 
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1980; Zaichkowsky et al., 1979; Zaichkowsky & Kamen, 1978). For example, more 
specifically, Cummings et al. (1984) looked at hip joint flexibility in sprinters. Compared 
to a control group, an EMG biofeedback group and a progressive muscle relaxation group 
improved hip flexibility as measured during a retention period. This outcome relied less 
on the physical changes to influence cognition and focused more on the direct 
physiological benefits to performance. In this study all groups improved sprint 
performance. 
Studies evolved and expanded through the 1990s. Researchers began to examine 
different biofeedback modalities, and to encompass more varied sports. In addition to 
muscle tension, respiration, heart rate, and galvanic skin response were examined and 
tied to positive changes in athletes who received biofeedback training (Blumenstein, Bar-
Eli, & Tenenbaum, 1995; Blumenstein, Breslav, Bar-Eli, Tenenbaum, & Weinstein, 
1995). Furthermore, neurofeedback was shown to affect changes in brain wave patterns 
and performance in pre-elite archers (Landers et al., 1991). In fact, much work was done 
with target sports during this time period, given the stationary nature of the activity and 
the limits in technology needed for psychophysiological measurement and biofeedback 
training (rifle shooting: Prapavessis, Grove, McNair, & Cable, 1992; archery: Robazza, 
Bortoli, & Nougier, 1998). The work with endurance athletes was prominent as well, 
with studies showing benefits to heart rate and running economy in sub-elite long 
distance runners (Caird, McKenzie, & Sleivert, 1999), and heart rate variability 
improvements in adolescent cross-country skiers (Hedelin, Wiklund, Bjerle, & 
Henriksson-Larsén, 2000). 
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The early part of the twenty-first century saw few studies that looked solely at a 
physiological outcome of a biofeedback intervention. By this point in the evolution of 
psychophysiological research many groups were examining more than one outcome 
measure (see Section 2.2.5). Shaw’s 2010 dissertation research used HRV biofeedback 
and SMR neurofeedback to train an optimal mind-body state in collegiate artistic 
gymnasts. Results showed that athletes were able to alter their physiological response and 
that they performed better on balance beam while receiving the biofeedback training. 
These results were published alongside similar research that showed collegiate ice 
hockey players were able to learn self-regulation of respiration and skin conductance 
through biofeedback training. The hockey athletes improved shooting accuracy in a post-
intervention skills performance assessment (Perry et al., 2011). Similarly, HRV 
biofeedback and neurofeedback were used to teach athletes to alter their breathing, HRV, 
and brain wave patterns. This resulted in improvements in shooting performance, as well 
(Kovaleva, Kasatkin, & Bochaver, 2014). 
Most recently research continues to examine the use of biofeedback in sport and 
its effect on the physiology of the athlete. Pusenjak, Grad, Tusak, Leskovsek, & 
Schwarzlin (2015) showed that athletes in a variety of sports were able to learn 
psychophysiological regulation of respiration, heart rate, and skin conductance. This 
ability persisted even under stressful situations, and for a full year after the initial 
training. Similarly, track athletes who underwent a ten-week HRV biofeedback training 
regimen were able to show demonstrably improved physiological self-regulation, in 
addition to faster running times (Choudhary, Trivedi, & Choudhary, 2016). Finally, in 
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another study which combined HRV biofeedback and neurofeedback male athletes were 
able to learn self-control and flexibility in autonomic function. The training also resulted 
in lower levels of self-reported anxiety and increased self-esteem in those athletes who 
received the biofeedback stress-management training (Dziembowska et al., 2016). 
2.2.3 Psychological measures in biofeedback research in sport. Many of the 
research studies discussed in the preceding sections also included a formal psychological 
outcome measure. These are worth noting because multiple outcome measures were 
employed, and both physiological and psychological assessments were included. An early 
study by (Zaichkowsky et al., 1979) showed that although EMG levels were reduced with 
biofeedback training, anxiety as measured by the State-Trait Anxiety Inventory (STAI) 
and through self-report were not. Conversely, in a single-subject design which evaluated 
cognitive and somatic anxiety through psychological assessments, improved outcomes 
were seen. The group used the Competitive State Anxiety Inventory-2 (CSAI-2) to 
measure state anxiety levels and found reductions in cognitive and somatic anxiety, and 
improvements in self-confidence in a male rifle shooter (Prapavessis et al., 1992). 
More recently, the STAI is still being used as a psychological assessment for 
biofeedback in sport. Paul and Garg (2012) showed the an HRV biofeedback intervention 
was able to reduce anxiety in a group of basketball players relative to controls. 
Additionally, the STAI was used to measure anxiety in male football and basketball 
athletes. Results indicated that an HRV biofeedback intervention group was able to 
significantly reduce anxiety levels (Dziembowska et al., 2016). In addition to these 
measures of psychological outcome many other assessments are being used in this line of 
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research. For example, concentration grids (Paul et al., 2012), Recovery-Stress 
Questionnaire for athletes (RESTQ-Sport) (Beauchamp, 2012; Rijken et al., 2016), Flow 
State Scale-2 (FSS-2) (Strack, 2003), and the Profile of Mood States (POMS) (Lagos et 
al., 2008). 
It is important to note, since this dissertation research seeks to use this instrument, 
that the CSAI-2 is still extensively being used in studies examining biofeedback in sport. 
In an often-cited piece of dissertation research Strack (2003) trained high school baseball 
players in HRV biofeedback. Using the CSAI-2, anxiety was measured and 
improvements in batting performance were shown. Additionally, in a series of case 
studies Lagos and colleagues demonstrated changes in anxiety levels, as measured by the 
CSAI-2 in collegiate golfers (Lagos et al., 2008, 2011). Finally, anxiety level was tracked 
in the Canadian Olympic short-track speedskating team during an integrated biofeedback 
and psychological skills training program (Beauchamp, 2012). 
2.2.4 Performance measures in biofeedback research in sport. Although 
critical to athletes and coaches, only a subset of biofeedback related studies measure 
direct sport performance. Some of those were mentioned in previous sections. However, 
a few studies that focus on performance outcomes will be highlighted here. Blumenstein 
and Bar-Eli are some of the pioneers of biofeedback research in sport. Beginning with 
research in the mid-1990s and developing the Wingate Five-Step Approach (W5SA) to 
mental training with biofeedback in collaboration with Tenenbaum these researchers have 
been highly influential in the field of biofeedback in sport. Among their many studies 
include an examination of biofeedback on the performance of young swimmers who 
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underwent a biofeedback intervention. The swimmers were evaluated on 50-meter 
swimming speed as well as swimming technique as judged by expert coaches. Significant 
improvements in both performance measures were seen as compared to a control group 
(Bar-Eli, 2002). Additional studies evaluating the W5SA measured outcomes of running 
performance (30 meters), and swimming performance (50 meters) (Bar-Eli & 
Blumenstein, 2004; Bar-Eli & Blumenstein, 2004). Similarly, a study by Galloway 
(2011) also evaluated a biofeedback intervention modeled off of the W5SA. Tennis 
athletes participated and an outcome performance measure of tennis serve accuracy was 
used. Using video recording the researchers counted successful tennis serves into a 
marked area on the court. Accuracy and consistency were evaluated with improvements 
seen during most phases of the program. 
2.2.4.1 The Wingate Five-Step Approach. The W5SA is a training strategy that 
teaches self-regulation skills by incorporating biofeedback. It was first developed by 
Blumenstein, Bar-Eli, and Tenenbaum in 1997, and has since been studied extensively as 
a sport performance enhancement technique (Bar-Eli, 2002; Bar-Eli & Blumenstein, 
2004; Blumenstein & Bar-Eli, 1998; Edmonds, 2005; Galloway, 2011). 
 The approach consists of five steps in which self-regulation skills are developed 
and ultimately transferred to a competitive setting. The first step take place in a lab and 
focuses on the learning of basic psychological techniques, such as relaxation, imagery, 
self-talk, and biofeedback. In the second step the practitioner helps the athlete to identify 
and strengthen the most efficient biofeedback response. Continued practice allows for 
quick and reliable mastery of relaxation/excitation. Still in the lab, the third step 
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introduces simulation of competitive stress and allows the athlete to practice self-
regulation skills with sport specific stimuli. In the fourth step transfer of the learned self-
regulation skills occurs as the athlete practices in actual sport-specific locations. Finally, 
realization occurs in the fifth step as the athlete practices achieving optimal self-
regulation in a competitive setting (Blumenstein & Orbach, 2014; Blumenstein & 
Weinstein, 2011). 
 During the training process the athlete goes through several weeks of progressive 
skill development. Each step comprises 10 to 15 mental training sessions in which the 
trainer practices self-regulation techniques. In addition, self-regulation tests are 
conducted in between each stage in order to assess baseline and changing 
psychophysiological response (Blumenstein & Orbach, 2014). 
2.2.5 Research using all three measures. An ever increasing, yet small subset of 
research studies have encompassed all three outcomes measures (physiological, 
psychological, & performance) in their results. A major goal for this dissertation project 
is to highlight the need for more research on biofeedback in sport which utilizes these 
three outcomes. As such, the following section will highlight those research studies. 
As discussed previously, early work by Zaichkowsky et al. (1979) looked at 
gymnastic performance, state anxiety and changes in muscle tension following an EMG 
biofeedback intervention. Results showed reduced muscle tension, but this did not 
translate into less anxiety or improved performance across gymnastic events. It was quite 
some time before other researchers contributed studies which utilized the full range of 
outcomes measures (Prapavessis et al., 1992). Using a single-subject design, rifle 
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shooting performance was evaluated. While the intervention included heart rate 
biofeedback, outcome measures were extensive. Psychological assessments included the 
CSAI-2 measuring state anxiety. Physiological measures included electromyographic 
response, electrocardiographic response, and urine catecholamine concentrations 
providing a biochemical indicator of stress. Behaviorally, state anxiety was measured 
with an accelerometer through gun vibration. Finally, competitive shooting performance 
scores were tracked. Overall, the data suggested that the intervention was effective in 
reducing state anxiety and improving performance (Prapavessis et al., 1992). This is in 
contrast to the performance results obtained by Zaichkowsky et al. (1979), but could be 
explained by flaws in the earlier study. Zaichkowsky and colleagues (1979) suggested 
that the small sample size for each gymnastic apparatus, in addition to a poor relationship 
between frontalis muscle activity and state anxiety could have contributed to these 
findings. Additionally, they suggest that a single subject design, such as that used by 
Prapavessis et al. (1992) may be more appropriate for demonstrating the small, yet 
practically significant changes that occur in sport performance optimization. 
As highlighted in previous sections, both Strack (2003) and Lagos et al. (2008) 
included a psychological measure in their studies, in addition to physiological outcomes 
and sport performance results. The dissertation by Strack (2003) looked at batting 
performance improvement in high school baseball players. He used HRV biofeedback 
training and measured state anxiety (CSAI-2), flow (FSS-2), and a visual analog scale of 
baseball tracking, in addition to heart rate frequency power changes as outcomes. Results 
indicated that improvements were made in most of these variables, and suggestions of the 
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potential benefits of HRV biofeedback for sport performance enhancement were made. 
Golf was the chosen sport to demonstrate the effectiveness of HRV biofeedback in two 
case studies by Lagos et al. (2008, 2011). In the first study the CSAI-2 and the POMS 
served as psychological assessments, while heart rate was monitored, and golf 
performance was measured through score per round. Results showed improvements 
across all outcome measures. A similar study followed this piece of research. Again, a 
case study design was used to assess performance improvements in a collegiate golfer. 
For this study, physiological measure included heart rate and respiration. As suggested in 
the first study, the authors wanted to extend this line of research to include other aspects 
of young athletes’ lives. They proposed that this would be using in gauging the 
development of self-regulation skills more broadly. Thus, for the second study, in 
addition to the CSAI-2, this study added a stress inventory and a sensation-seeking 
inventory. Finally, golf performance was tallied through several golf-specific measures; 
total score, putts, driving average, and longest drive. The results were consistent with 
their previous findings suggesting HRV biofeedback training may enhance athletic 
performance (Lagos et al., 2011). 
Paul and colleagues (Paul & Garg, 2012; Paul et al., 2012) have also published 
two studies in which all three outcomes measures were included. First, an experimental 
group of basketball players was provided with HRV biofeedback training. Measures of 
concentration, assessed with a concentration grid, heart rate variability, respiration, 
reaction time, movement time, and basketball shooting were recorded. The authors 
conclude that improvements in athlete concentration, reaction time, and shooting 
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performance were due to the biofeedback training (Paul et al., 2012). Subsequently, Paul 
and colleagues again evaluated HRV biofeedback in basketball athletes. For this study, 
psychological measures of anxiety (STAI) and self-efficacy (Coping Self Efficacy Scale, 
CSES) were utilized. Additionally, physiological factors of heart rate variability and 
respiration rate were monitored, with several performance outcomes being measured, 
including dribbling, passing, and shooting. Results indicated reductions in anxiety and 
improvements in HRV power. Also, improvements were seen in all three measures of 
basketball performance, however these were not significantly different than those seen in 
placebo and control groups (Paul & Garg, 2012). 
2.2.6 Applications of biofeedback in sport. Beauchamp (2012) reported on an 
integrated biofeedback and psychological skills training program for Canada’s Olympic 
short-track speed skating team. Although this paper lacks empirical results and 
experimental controls, it is instructive in showing that comprehensive data gathering 
across physiological, psychological, and performance measures is necessary for research 
and practical application of biofeedback performance enhancement strategies. Several 
assessment tools were utilized to gauge athletes’ initial conditions, as well as to monitor 
progress. These tools included qualitative interviews, Ottawa Mental Skills Assessment 
Test (OMSTAT-3), RESTQ-Sport, CSAI-2, Test of Attentional and Interpersonal Style 
(TAIS), biofeedback stress profiles including heart rate, respiration rate, heart rate 
variability, muscle activity, skin temperature, and skin conductance, neurological 
assessment, including EEG stress report, and reaction time tests. Of course, various 
performance measures were recorded as well, with the most prevalent being competitive 
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performance at the Olympic games. After the three-year integrated training program, the 
team achieved its goals and had several athletes reach the finals and bring home Olympic 
medals. The authors suggest that the integration of biofeedback with psychological skills 
training in this format offers sporting advantages through monitoring mental and self-
regulation skills with multiple measures and over the long term (Beauchamp, 2012). 
Bringing together several practitioners in the field and compiling a volume with 
the latest applications of biofeedback and neurofeedback in sport psychology Strack and 
colleagues (2011) composed the first book to introduce the use of the most advanced 
technology for the mental side sport. This book includes introductions to both 
biofeedback and neurofeedback applications in sport as well as practical tools for 
practitioners and athletes. Topics range from learning self-regulation, to 
psychophysiological assessment, and performance enhancement techniques using HRV 
biofeedback, among several others. For a review of the book see Perry (2012). 
2.3 Mindfulness 
2.3.1 Introduction. Mindfulness and mindful meditation have been practiced for 
thousands of years. Some form of meditative practice exists in all the world’s major 
religions and in most cultures (Walsh & Shapiro, 2006). Although practiced for centuries, 
research on mindfulness training for clinical applications began in the 1970’s and 1980’s, 
with most discussions citing the mindfulness-based stress reduction (MBSR) program of 
Jon Kabat-Zinn as the pioneer (Kabat-Zinn, 1982, 1990). Recently though, within a 
harried and stressed world people are seeking a way to calm the body and the mind. A 
surge in mindfulness techniques and meditation practice has swept the developed world 
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(Wylie, 2015). After offering definitions of mindfulness, and briefly exploring its 
mechanisms this sections will focus on the use and practice of mindfulness and 
meditation within the realm of sport performance. 
2.3.2 Defining mindfulness. At its most basic level, mindfulness has to do with a 
particular way of paying attention. There have been several other descriptions, but they 
all rely on this basic property. With his founding status in this field, Jon Kabat-Zinn has a 
concise and oft-cited definition. Mindfulness is “paying attention in a particular way: on 
purpose, in the present moment, and nonjudgmentally” (Kabat-Zinn, 2004, p. 4). By 
paying attention in this particular way an awareness emerges that allows for moment-to-
moment experience (Kabat-Zinn, 2003). 
Noting that the field lacked a standardized operational definition of mindfulness, 
(Bishop et al., 2004) sought to define criteria and specify the psychological processes 
involved with the concept. After a series of meetings, a consensus operational definition 
of mindfulness was arrived at. The group (Bishop et al., 2004) proposed a comprehensive 
two-component model of mindfulness: 
The first component involves the self-regulation of attention so that it is 
maintained on immediate experience, thereby allowing for increased recognition 
of mental events in the present moment. The second component involves adopting 
a particular orientation toward one’s experiences in the present moment, an 
orientation that is characterized by curiosity, openness, and acceptance. (p. 232) 
Mikulas (2010) hoped to stimulate clearer thinking about mindfulness, and 
focuses on aspects such as contents versus behaviors of the mind, and attitude. 
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Additionally, he explores concentration versus awareness in mindfulness practice. From 
this exploration a definition of mindfulness emerges as a behavior of the mind that 
actively maximizes the breadth resulting in clarified awareness. This involves sharpening 
the focus of awareness within the field of consciousness (Mikulas, 2010). 
2.3.3 Mechanisms of mindfulness. Recent research has sought to explore the 
underlying mechanisms of mindfulness. Shapiro, Carlson, Astin, and Freedman (2006) 
attempted to produce a simple, comprehensible construct for mindfulness by using 
component axioms, including intention, attention, and attitude. These three fundamental 
components of mindfulness occur simultaneously and work together as a cyclical process. 
The underlying model that this group proposes “suggests that intentionally (I) attending 
(A) with openness and non-judgmentalness (A) leads to a significant shift in perspective, 
which [they] have termed reperceiving” (Shapiro et al., 2006, p. 377). Reperceiving is an 
overarching meta-mechanism of action which results in a fundamental shift in 
perspective that allows one to disidentify with one’s thoughts and see his or her moment-
to-moment experience with greater clarity and objectivity. This process is what leads to 
transformation. Furthermore, the group suggests that there are four additional 
mechanisms which can contribute to change and positive outcomes (i.e. psychological 
symptom reduction), or can be seen as outcomes in and of themselves. These include 
self-regulation; values clarification; cognitive, emotional, and behavioral flexibility; and 
exposure (Shapiro et al., 2006). 
 In examining the causal connection of changes occurring due to mindfulness-
based interventions with psychological outcomes, Gu, Strauss, Bond, & Cavanagh (2015) 
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conducted a review and meta-analysis. In focusing on the effectiveness of MBSR and 
MBCT they suggest that there are relatively few studies that focus on mechanisms and 
causal relationships. Their investigation using mediation analysis suggested that there is 
strong and consistent evidence for cognitive and emotional reactivity; consistent and 
moderate evidence for mindfulness and repetitive negative thinking; and preliminary, yet 
insufficient evidence for self-compassion and psychological flexibility (Gu et al., 2015). 
These findings, as mechanisms for the effects of mindfulness-based interventions are 
consistent with the proposed theoretical basis for these techniques (Baer, 2003; Hölzel et 
al., 2011; Kabat-Zinn, 1982; Shapiro et al., 2006). 
 More recently researchers have begun to explore the neurobiological 
underpinnings of mindfulness, examining brain areas and networks responsible for the 
positive effects seen with mindfulness practice. Another pioneer in the field, Richie 
Davidson continues to explore brain science and mindfulness meditation. His group 
measured the electrical activity in the brain in a group who participated in an eight-week 
clinical training program in mindfulness meditation. As compared with a control group 
who did not practice mindfulness, the meditators showed greater left-side anterior 
activation. A relationship between this type of activity and positive affect has previously 
been shown. In addition, examination of immune response showed a correlation of 
increased antibody production proportional to the right anterior brain activation increases 
(Davidson et al., 2003). The findings hint at the beneficial neurological and physiological 
changes that occur with mindfulness. 
 Two recent reviews have compiled the evidence for the neurological changes that 
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accompany mindfulness meditation practice. According to (Hölzel et al., 2011) there are 
a subset of components that describe the mechanisms through which mindfulness works. 
They are attention regulation, body awareness, emotional regulation (including 
reappraisal, and exposure, extinction, and reconsolidation), and change in self 
perspective. Underlying these components are several neuroplastic changes that have 
been demonstrated in both structural and functional imaging studies. Brain areas affected 
by mindfulness meditation include the anterior cingulate cortex, insula, temporo-parietal 
junction, fronto-limbic network, and default mode network structures (Hölzel et al., 
2011). A review by Tang, Hölzel, and Posner (2015) takes a similar approach suggesting 
that mindfulness meditation affects aspects of attentional control, emotion regulation, and 
self-awareness, all leading to enhanced self-regulation. From this, the core brain regions 
that are involved in these processes are modified by mindfulness meditation practice. In 
addition to the areas mentioned above, empirical evidence supports changes in the 
prefrontal cortex, posterior cingulate cortex, striatum, and amygdala. However, most of 
the empirical evidence of changes in brain structure come from comparison studies in 
which expert meditators, those with thousands of hours of practice are compared to 
novice meditators. There needs to be additional research using longitudinal designs in 
which brain changes due to meditation can be assessed (Tang et al., 2015). 
2.3.4 The use of mindfulness/meditation in sport performance. Traditional 
applied sport psychology has developed from a base of cognitive behavior approaches. 
That is, psychological skills training advocated for a certain cognitive control over 
thoughts and emotions. In fact, this is the basis for biofeedback; using cognitive 
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processes with the help of technology, which provides physiological information as 
feedback to modulate internal states. More recently, the evolving field of sport 
psychology has adopted mindfulness approaches into its repertoire, embracing such 
techniques which rely on non-judgmental acceptance of thoughts and emotions. 
 Although limited early research examined mindfulness meditation as a means to 
optimize performance (Kabat-Zinn, Beall, & Rippe, 1985), much of the work in this field 
only seriously began in the last decade and a half (Gardner & Moore, 2012). Two main 
approaches opened the research into mindfulness for sport performance enhancement: the 
Mindfulness Acceptance Commitment (MAC) approach, and Mindful Sports 
Performance Enhancement (MSPE) approach. These initial approaches, with limited 
research and some anecdotal evidence have shown promising results. However, clear 
support of sport performance enhancement from mindfulness training is still lacking. 
 2.3.4.1 Mindfulness-Acceptance-Commitment. The MAC approach, developed 
by Gardner and Moore (2004) is a mindfulness-based performance enhancement 
intervention which consists of in-session discussions, as well as group and individual 
exercises. The approach was developed counter to existing traditional psychological 
skills training programs, and as an adaptation and synthesis of two existing therapeutic 
strategies: Acceptance and Commitment Therapy (Hayes, Strosahl, & Wilson, 1999) and 
Mindfulness-Based Cognitive Therapy (Segal, Williams, & Teasdale, 2002). As such, the 
MAC approach promotes a focus on appropriate external contingencies and behaviors 
that are necessary to effectively navigate situations while moving toward both short- and 
long-term goals, while concurrently teaching acceptance of internal experiences during 
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the process (Gardner & Moore, 2004).  
 Administered in either an eight-session (1.5 hr.) group format, or a 12-session (1 
hr.) individual protocol, the MAC approach is comprised of five distinct phases. The first 
phase, psychoeducation includes introduction of the rationale of the intervention, as well 
as discussion of self-regulatory aspects of sport performance. In the second phase, 
mindfulness techniques are explained as a way to affect attentional processes and develop 
heightened awareness of internal experiences. Values identification and commitment, the 
third phase of the MAC approach emphasizes the distinction between goals (outcome) 
and values (process), and focuses on making values based choices in sport as well as in 
life. The fourth phase develops acceptance of events and associated thoughts and 
emotions, while intertwining the previous concepts of self-regulation during athletic 
performance and mindfulness. The fifth and final phase is integration and practice which 
consolidates and emphasized the daily practice of the learned skills of acceptance, 
mindfulness, and value-based action (Gardner & Moore, 2004). 
 The original work (Gardner & Moore, 2004) also included two case study 
examples of using the MAC approach with athletes. They describe a male intercollegiate 
swimmer dealing with inconsistent performance issues, and a master’s level female 
powerlifter who was not making progress and having trouble focusing. After participating 
in the 12-week MAC protocol both athletes reported less worry, and more enjoyment in 
their sport. Additionally, performance improvements were documented for both 
participants. From this the authors conclude that the MAC approach may be appropriate 
for highly functioning athletes looking for performance enhancement. This aligns well 
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with previous work showing performance improvements in female collegiate athletes 
(field hockey & volleyball) using the MAC approach, as compared to athletes 
experiencing subsyndromal clinical difficulties (Gardner, Moore, & Wolanin, 2003). 
 Following the initial introduction of using mindfulness with athletes with the goal 
of performance improvement, several studies attempted to examine this relationship 
further. Leveraging the correlation of optimal performance and the flow state (Nakamura 
& Csikszentmihalyi, 2014), studies showed a relationship between mindfulness and 
dispositional flow which itself is associated with enhanced athletic performance. The 
trend was seen in a large group of student-athletes from various sports (Kee & Wang, 
2008), as well as in Olympic level swimmers (Bernier, Thienot, Codron, & Fournier, 
2009). Furthermore, Gooding and Gardner (2009) investigated the relationship between 
mindfulness, trait arousal, and basketball free-throw shooting in Division I collegiate 
athletes. Increases in mindfulness correlated with increased competitive free-throw 
shooting performance. 
 In addition to this correlational research, several studies have investigated a direct 
relationship between mindfulness and enhanced athletic performance. A set of case 
studies included Gardner and Moore’s (2004) original work as discussed above, a study 
with a DI university lacrosse athlete (Lutkenhouse, 2007), and research with an elite 
adolescent swimmer (Schwanhausser, 2009). Both studies showed the utility of the MAC 
approach for improving athletic performance. Furthermore, several open trials found 
increases in coach ratings of performance following a MAC intervention (Gardner et al., 
2003; Hasker, 2010; Wolanin, 2004). These studies were performed across a variety of 
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sports at the university level. 
 2.3.4.2 Mindful Sport Performance Enhancement. Kaufman and Glass (2006) 
developed the MSPE protocol in order to train athletes in the fundamentals of cultivating 
mindfulness. The MSPE consists of several weeks of group sessions and individual at-
home practices which focus on introducing the basis of the mindfulness approach and on 
having the athlete practice various meditations. 
 Although the initial MSPE program was four weeks in length, a newer expanded 
version consists of weekly 90-minute group meetings over six weeks. Additionally, 
participants are expected to practice meditation daily as guided by audio recordings. 
These at-home practices gradually increase in time, starting at ten minutes and 
culminating in 25-minute meditations. Over the course of the six weeks the athletes are 
introduced to core exercises including mindful eating, sitting meditation, body scan, 
mindful yoga, walking meditation, and finally a sport-specific meditation (Pineau et al., 
2014). 
 MSPE is an approach that emphasizes acceptance of internal and external states, 
and the development of mindfulness skills. It is a targeted conceptualization of MBSR 
and MBCT directed at athletes in particular. In MSPE mindfulness is cultivated through 
several exercises, such as meditation, body scan, and mindful yoga. Additionally, moving 
meditations can be used with a specific sport focus. MSPE does not include a values or 
commitment component like the MAC approach (Kaufman, Glass, & Arnkoff, 2009). 
 Only a few studies to date have generated empirical evidence for MSPE. 
Kaufman and colleagues (2009) evaluated MSPE in archers and golfers, looking at 
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several psychological characteristics including trait anxiety, perfectionism, thought 
disruption, confidence, mindfulness, and flow. Additionally, the recreational athletes kept 
daily logs of their sport performance. Although no significant changes in sport 
performance were observed athletes did see improvements in certain aspects of flow and 
mindfulness. Similarly, a study of the MSPE protocol with recreational long-distance 
runners found increases in mindfulness with decreases in sport-related anxiety and 
perfectionism. Like the study with archers and golfers, no sport performance 
improvements were observed (De Petrillo, Kaufman, Glass, & Arnkoff, 2009). Finally, 
this research group did a one-year follow-up with the athletes from these two studies in 
order to evaluate the long-term effects of MSPE. Since receiving the workshop increases 
in trait mindfulness were observed across all three sports. Additionally, the golfers and 
runners experienced improved sport performance. However, it is difficult to rule out 
performance improvements due to practice over that long time period (Thompson, 
Kaufman, De Petrillo, Glass, & Arnkoff, 2011). 
 2.3.4.3 Mindfulness Meditation Training for Sport. Most recently, MMTS has 
been developed in which traditional sport psychological skills training have been 
integrated with mindfulness training (Baltzell, & Summers, 2016; Baltzell, & Akhtar, 
2014). The program consists of a six-week program with two 30-minute meetings per 
week. Within these meetings athletes are taught such skills as open awareness, positive 
affirmations, concentration, and coping with negative cognitions. In addition to these 
group meetings the participants are encouraged to practice daily meditation on their own. 
 In an initial evaluation of MMTS, DI female collegiate soccer players took part in 
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pre- and post-intervention measures of mindfulness attention and awareness, positive and 
negative affect, psychological well-being, and life satisfaction. Significant increases in 
mindfulness were observed in the intervention group. While both the intervention and 
comparison groups retained stable levels of positive affect, the comparison group saw an 
increase in negative affect (Baltzell & Akhtar, 2014). Through individual interviews 
following participation in MMTS qualitative data was collected in order to understand the 
athletes’ experience with the program. A key finding as reported by the athletes included 
an enhanced ability to recognize emotions, and to experience a different relationship with 
those emotions (Baltzell, Caraballo, Chipman, & Hayden, 2014). 
Although the three approaches mentioned above have generated some promising 
links between mindfulness practice and cognitive and emotional changes, there currently 
lacks substantial empirical evidence showing a clear link between mindfulness and 
improved sport performance. In their recent systematic review (Sappington & Longshore, 
2015) call for more rigorous and structured methods of evaluation of mindfulness-based 
interventions in sport, having been able to include only 19 empirical trials. Of those, two 
studies included a direct measure of sport performance. John and colleagues (2011) 
showed shooting performance improvements after a mindfulness meditation therapy 
intervention in elite competitors. Additionally, professional badminton players exhibited 
performance improvements, as measured in five scored badminton matches after 
receiving mindfulness techniques education (Moghadam et al., 2013). It should be noted 
that although the John et al. (2011) study was considered “very good quality”, the 
Moghadam et al. (2013) study was assessed as “poor quality” by Sappington and 
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Longshore (2015) citing numerous methodological flaws. 
2.4 Mindfulness-based Biofeedback 
2.4.1 Introduction. Mindfulness-based biofeedback is a new tool used to help 
foster better self-awareness and self-regulation skills. In mindfulness-based biofeedback 
the two self-regulatory and performance enhancing strategies, biofeedback and 
mindfulness training are combined in a new approach which maximizes efficacy and 
positive outcome. Mindfulness-based biofeedback seeks to integrate the features of 
mindfulness meditation training into a traditional biofeedback intervention protocol. 
2.4.2 Mechanism of mindfulness-based biofeedback. Mindfulness-based 
biofeedback is a new training strategy which has only recently seen clinicians combining 
the Western practices of biofeedback with the Eastern traditions of mindfulness. The 
practice of mindfulness-based biofeedback can be thought of as a reciprocal relationship 
between the techniques of biofeedback and those of mindfulness training. Biofeedback is 
a tool that helps to build greater physiological and psychological self-awareness. This 
increased self-awareness can bring about greater mindfulness. Conversely, the practice of 
mindfulness training allows for a process-oriented focus that is necessary to a successful 
biofeedback strategy. The combination and integration of the two techniques is thought to 
lead to enhanced learning of self-regulation skills (Wyner, 2015). Furthermore, 
“mindfulness meditation enhances internal awareness of physiological states, facilitates 
passive volition, improves attention, and encourages structural and functional brain 
changes conducive to lower sympathetic arousal. All of these factors are vital to 
biofeedback success” (Khazan, 2015). 
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2.4.3 Research on mindfulness-based biofeedback. Formally integrating the 
techniques was suggested as far back as 2011 (Edwards, 2011). However, apart from 
some anecdotal, clinically focused reports there is very little research exploring this topic 
(Khazan, 2013). To date few studies exist across all fields. Klich (2015) offered a 
framework for combining mindfulness and compassion practices with biofeedback in 
order to maximize the benefits of both. It was suggested that merging compassion and 
mindfulness-based biofeedback in a healthcare setting could yield greater clinically 
significant results. A case study of a veteran and his spouse utilized this technique. 
Benefits reported by the patient included greater comfort in group settings, greater 
physiological awareness, and in turn reduced escalation of anger and fear, and reductions 
in pain (Klich, 2016). 
 Within a university counseling center setting Wyner (2015) also used compassion, 
mindfulness, and biofeedback as a combined set of tools to offer stress management 
strategies to students. This pilot study assessed the effectiveness of an intervention 
addressing student anxiety, depression, and academic distress. Data gathered over the 
course of two academic years showed some reductions in symptoms of depression, social 
anxiety, and academic distress among participants. Although this was not a randomized, 
controlled trial, the authors suggest that the inclusion of compassion, biofeedback, and 
mindfulness may enhance treatment efficacy (Wyner, 2015). 
 Two other case studies exist that rely on the conjunction of mindfulness and 
biofeedback as an intervention for clinically relevant issues. Johnson (2016) describes a 
case in which a middle-age male suffered from anxiety and irritable bowel syndrome 
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(IBS). Treatment included HRV biofeedback, sEMG (surface electromyography, or 
muscle tension as measured with a sensor placed on the skin), and temperature 
biofeedback, as well as mindfulness and acceptance based skills. Over several weeks of 
treatment a decrease in self-reported IBS symptom severity rating was documented 
(Johnson, 2016). Similarly, a combination of heart rate variability biofeedback, and 
mindfulness meditation was used as a treatment strategy for an older female suffering 
from anxiety. After several weeks of treatment the individual reported more positive 
feelings than negative feelings, and continued on her own with paced breathing exercises 
and meditation (Moss, 2016). Finally, Seidi and colleagues (2016) showed that 
mindfulness-based biofeedback therapy reduced anxiety and HbA1c levels in an 
experimental group of diabetic patients. 
2.4.4 Mindfulness-based biofeedback in sport. Only a few papers to date have 
discussed the emerging training strategy of mindfulness-based biofeedback (Ford et al., 
2016; Khazan, 2016). Initially proposing the combination and integration of biofeedback 
and mindfulness training Khazan, (2015), recently further introduced a comprehensive 
methodology for optimal performance training using mindfulness-based biofeedback. A 
step-by-step approach is detailed in which the key contributions from both biofeedback 
techniques and mindfulness training are utilized to optimize training for peak 
performance. If fact, it is suggested that the combination of biofeedback with mindfulness 
would produce even stronger benefits than either one alone (Khazan, 2016). 
 Khazan (2016) provides suggested guidelines for combining biofeedback and 
mindfulness for optimizing performance. An adaptation of the FLARE technique, 
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originally introduced for clinical practice (Khazan, 2015) was outlined for performance 
enhancement. This strategy is comprised of five components that are meant to be 
intertwined as necessary. In the first step, feel, an athlete builds awareness of their 
experience. Next, label, gives a short, nonjudgmental description to the experience. In the 
allow & appraise step the athlete is directed to allow the presence of thoughts, feelings, 
and physiological sensations. Then, an appraisal of the adaptiveness and functionality of 
these characteristics towards performance is made. With a clear appraisal, a response can 
then be chosen which serves the best value in that moment. Finally, in order to place the 
experience in a larger context the last step is to expand awareness (Khazan, 2016). These 
steps can be trained with and through mindfulness-based biofeedback and can be taken 
whenever necessary while striving for optimal performance. 
 In one of the only other papers that addresses mindfulness-based biofeedback for 
optimizing performance Ford and colleagues (2016) summarized the literature and 
addressed the combination of biofeedback and mindfulness as an approach to improve 
performance among athletes. First, they describe the psychophysiology of mindfulness, 
with an emphasis on neurofeedback techniques. They follow this with a sampling of 
examples of the combination of biofeedback and mindfulness in various clinical 
populations. Much of this same literature was summarized above (see Section 2.4.3). 
Finally, a case narrative of a collegiate golfer is presented as an example of a way in 
which neurofeedback and mindfulness could be combined for the purpose of performance 
enhancement. In this case the athlete underwent a three-week intervention consisting of 
HRV biofeedback, individualized neurofeedback training, and mindfulness-based CBT 
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sessions, in which such things as though-acceptance, and body scans were practiced. 
Although no formal measures were recorded, after the intervention the athlete reported 
greater insight into sport related anxiety, and improved detachment from negative 
outcomes (Ford et al., 2016).  
2.4.5 Conclusion. Given the well-known benefits of biofeedback for enhancing 
sport performance, and the positive effects mindfulness has on athletes, it is surprising 
that these two strategies have not been studied in combination (Ford et al., 2016). 
Furthermore, although guidelines for using mindfulness-based biofeedback for enhancing 
athletic performance have been suggested, “a strong call to the scientific community for 
empirical investigation of the efficacy of [this] approach for optimizing performance” 
(Khazan, 2016, p. 118) has been made. It is the goal of this dissertation study to begin to 
answer this call. 
2.5 Current Literature 
 2.5.1 Biofeedback in sport. Most recently, a case study examining the effects of 
resonant frequency (RF) biofeedback training with an Olympic trap shooter showed that 
it was possible to raise an athlete’s awareness concerning their psychophysiological 
response (Gross et al., 2017). RF biofeedback training involves teaching a participant to 
breath at their RF, which is respiration rate at which maximal heart rate coherence is 
achieved. After determining the athlete’s RF, training took place over five sessions, in 
which this breathing rate was practiced. Feedback and guidance were provided across 
meetings. After this training period, the shooter participated in a simulated competition. 
Results indicated that over the course of the study the athlete was able to increase RF 
57 
 
 
accuracy, and use the breathing technique during the simulated competition. Furthermore, 
the athlete reported increased confidence, and an ability to generate a sense of calm when 
necessary during competition (Gross et al., 2017). 
In a recent systematic review, Morgan & Mora (2017) found in the majority of 
studies examined that training with HRV biofeedback allowed athletes to enhance 
psychophysiological variables that led to improvements in sport performance. Eligibility 
criteria included published scientific articles with an experimental, quasi-experimental, or 
case study design, using HRV biofeedback as the main intervention, and measuring sport 
performance. Although through October 2016 only seven studies met these criteria, 
85.7% showed effective outcomes. Despite this paucity of experimental studies, the 
authors suggest that HRV biofeedback is a safe, simple, and effective method for sport 
performance enhancement (Morgan & Mora, 2017). 
2.5.2 Mindfulness with athletes. A mindfulness-based training program was 
recently evaluated for its effects on the mindfulness of athletes (Jekauc, Kittler, & 
Schlagheck, 2017). A randomized, controlled trial design was used with the delivery of 
the Berlin Mindfulness Training for Performance Enhancement (referred to by the 
German acronym, BATL) program. The experimental group, consisting of undergraduate 
students, went through eight weeks of psychoeducation about mindfulness. Pre- and post-
training assessments of mindfulness were made using the Mindfulness Awareness 
Attention Scale (MAAS). Compared to a control group receiving classical sport 
psychology training, the mindfulness training group showed significant increases in 
mindfulness as measured by the MAAS. The authors suggest that the BATL is effective 
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at increasing the trait of mindfulness (Jekauc et al., 2017). 
Recently, a systematic review of mindfulness and acceptance approaches to sport 
performance enhancement was conducted (Noetel, Ciarrochi, Van Zanden, & Lonsdale, 
2017). In this review of studies examining mindfulness and acceptance in athletic 
populations since May 2016, sixty-six studies met the inclusion criteria. Although none 
of the included studies had a low risk of bias, large effect sizes were found for improving 
mindfulness, flow, and performance across a variety of sports. Additionally, a lowering 
of competitive anxiety was seen in randomized trials, as compared to no treatment. Even 
though several studies found beneficial effects for mindfulness and acceptance 
approaches, the limited internal validity across the studies made it difficult to draw causal 
conclusions. The authors suggest that further research is needed in order to gain more 
confidence in the positive effects of mindfulness and acceptance interventions for athletic 
populations (Noetel et al., 2017). 
Similar to Noetel (2017), a recent meta-analysis reviewed the effects of 
mindfulness-based interventions in sport. Bühlmayer and colleagues (2017) evaluated 
research that examined physiological and psychological performance surrogates, as well 
as performance outcomes in athletes over 15 years of age. The meta-analysis indicated 
that, following mindfulness practice, physiological and psychological surrogates showed 
meaningful improvements. Additionally, at least for some target sports, performance 
outcomes improved. Finally, and maybe unsurprisingly mindfulness scores benefitted 
from mindfulness practice. The authors call for more high-quality research, but suggest 
that mindfulness strategies could serve as a complementary mental skills training 
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approach for athletes (Bühlmayer et al., 2017). 
2.5.3 Mindfulness-based biofeedback with athletes. The most recent review of 
the current literature still shows a lack of empirical studies that examine mindfulness-
based biofeedback in the realm of sport. A strong call remains for the investigation of 
mindfulness-based biofeedback interventions as an approach for optimizing sport 
performance (Khazan, 2016). The current study sought to fill this empirical gap.   
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Chapter 3 
Methodology 
3.0 Introduction 
 The current study used a single-subject, multiple-baseline across subjects design. 
Single-subject designs are beneficial, especially within sport psychology, because they 
help to provide understanding of effective interventions, and can serve to evaluate 
applied practice (Barker et al., 2013). The intervention that was evaluated consisted of an 
integration of biofeedback techniques and mindfulness training. When combined, these 
two self-regulatory and performance enhancing strategies may maximize efficacy and 
positive outcomes. Mindfulness-based biofeedback training (MBT) is a new approach 
which needs empirical support, in order to demonstrate potential benefits to athletes. 
3.1 Participants 
Although samples sizes of 14 have been seen, typical single-subject research 
utilizes one to five subjects (Barker et al., 2013). This project enrolled five athletes from 
a local area high school. The participants were members of the freshman (n=3), junior 
varsity (n=1), and varsity (n=1) girls soccer teams. Five subjects were recruited in order 
to allow for possible attrition while still maintaining a reasonable sample. Additionally, 
this sample size addressed logistical and scheduling challenges the researcher may have 
had with a larger number of participants. 
3.1.1 Recruitment. Study participant recruitment was a long and detailed process 
that spanned several weeks and involved communication, both via email and in-person 
with several key individuals at various administrative and coaching levels, as well as the 
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players themselves. The process began in late July 2017 when initial contact with a local 
high school girls varsity head soccer coach was made via email. The coach contact was 
recommended by the researcher’s advisor.  During an initial meeting the coach expressed 
great interest in the research and was willing to give the researcher access to his players 
as possible study participants. Over the next two months the researcher attended several 
girls varsity soccer team practices (8) and games (4). While awaiting Institutional Review 
Board (IRB), approval the researcher intended to make himself more visible and build 
rapport with the student/athletes during the fieldwork phase of the study. At practices and 
games, the researcher would generally stand on the sideline and observe. Most 
interactions occurred between the researcher and the coaching staff prior to practice. 
3.1.1.1 Varsity. By late September, IRB approval was obtained and the official 
recruitment process took place. First, at a practice, the researcher introduced himself to 
the team and briefly explained the study to the players. Details about the purpose of the 
study, and participant expectations were outlined. At the conclusion of the talk the 
researcher distributed the recruitment flyer (Appendix A) to the entire girls varsity soccer 
team. The flyer provided visual and written explanation of the research study. During a 
scheduled team meeting, two days later, the researcher had a second opportunity to 
address the players and recruit participants for the study. Student/athletes were instructed 
to contact the researcher via email or phone if they were interested in participating or had 
any questions. 
Supplementary to the in-person recruitment, all team members were provided 
with an email that contained information about how to participate in the study. In 
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particular, the researcher’s contact information was provided and a Research Study 
Participation Form (Appendix B) was given. The Research Study Participation Form was 
created and distributed via Google Forms. The form collected name and contact 
information, as well as information regarding exclusion criteria pertaining to preexisting 
cardiac or respiratory issues. Additionally, background experience with either 
biofeedback or mindfulness was surveyed. Finally, participants were asked whether they 
would have the availability to commit to the training schedule for the duration of the 
study. 
After several days only a single student/athlete from the varsity team responded to 
the email expressing interest in participating in the study. Based on this unanticipated low 
response rate the researcher, in consultation with the varsity head coach reopened 
recruitment with the junior varsity (JV) and freshman teams. In early October 2017 the 
varsity coach put the researcher in touch with the head coaches of both the JV and 
freshman teams. 
3.1.1.2 JV and Freshman. Initial contact was made with both coaches via email. 
Similar to the recruitment procedure followed with the varsity team, the researcher 
presented information about the study in-person, on separate occasions to the JV and 
freshman squad prior to each team’s practice. At each of these practices the recruitment 
flyer (Appendix A) was distributed to the entire team. Subsequently, an email to all 
potential participants followed. Student/athletes were allowed to respond to the Research 
Study Participation Form (Appendix B) electronically to express their interest in joining 
the study. 
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Within a few days one JV player and three freshman players responded to the 
online form and expressed interest in participating. Plans were then made to meet with all 
five participants to provide informed consent. 
3.1.1.3 Administrators. Since the research involved high school athletes, 
occurring on high school property it was necessary to communicate with athletic 
department administrators for the purpose of scheduling, logistics, as well as obtaining 
formal approval to work with student/athletes. Contact was made with the Athletic 
Director (AD) and Assistant Athletic Director (aAD) via email. Initial meetings took 
place with both these administrators separately. These meetings served to vet the 
researcher for work with high school student athletes. Following this primary vetting, 
ongoing communication between the researcher and aAD continued through the duration 
of the study. These communications primarily concerned ongoing scheduling challenges 
encountered by the researcher. Specifically, within the busy high school environment, 
access to the use of both classroom and gymnasium space was severely limited to an 
outside researcher. It was necessary to maintain weekly correspondence with the aAD to 
accommodate the space needs of the research (See below for details on study space). 
3.1.2 Informed consent. Five study subjects were notified via email of their 
inclusion in the study and invited to an introductory meeting with the researcher at the 
high school. The aAD was also in attendance for this introductory meeting. At this 
meeting the researcher again provided study details and expectations to the participants. 
Informed consent documentation (Appendix C) was provided in written form and 
verbally explained. Participant signatures were obtained. With their signature participants 
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acknowledged their participation in the study and accepted that they would be video-
recorded during the soccer testing. All participant questions were answered at this time. 
3.1.3 Participant characteristics. Four of the five participants were able to 
complete the study, moving through baseline, and both intervention phases. One 
participant did not complete the study. Due to unforeseen scheduling conflicts and an 
ankle injury, this participant was unable to consistently attend meetings or perform the 
soccer task, affecting her ability to see the study to completion. 
 The four participants who completed the full study were all freshman. Three 
played for the freshman team, and the fourth with the JV team. See Table 1 for 
participant information. 
Table 1 
Participant Information 
Participant Age (years) Grade Team Position 
001 14 9 JV GK 
002 15 9 Freshman Forward 
003 14 9 Freshman Forward/Midfield 
004 14 9 Freshman GK 
Note: GK = Goalkeeper 
 
3.2 Setting 
During the initial fieldwork, and throughout the data collection stages of the 
study, a large portion of the researcher’s time was spent securing and scheduling research 
space. Gym space, which was needed to run the sport performance assessment had 
limited availability due to frequent use by other sports teams. Additionally, classroom 
space, for attending to the physiological and psychological assessments had limited 
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availability as well. Given these constraints, ongoing meetings necessitated weekly 
scheduling communication between the researcher and the aAD. 
3.2.1 Classroom space. In order to carry out the physiological and psychological 
assessment, and to perform the biofeedback training classroom space was obtained. Three 
locations were used based on the availability of the participants, and the availability of 
each room. These were a classroom at the high school, a conference room in the athletics 
department, and rarely, if needed, the aAD’s office. All three spaces were semi-private, 
offering a quiet space for assessment and training. Comfortable chairs were used in each 
room and a table was used for filling out the paper-&-pencil psychological assessments, 
and placing the biofeedback equipment and laptop computer. 
3.2.2 Gymnasium space. It was decided to carry out the soccer performance 
assessment (LSPT) indoors. Several factors contributed to this decision, including the 
availability of outdoor space, and the timing of the start of the study. After an 
unexpectedly long recruitment period, the study began in late October 2017. The 
approaching winter weather would make it unlikely that the full study could be 
completed outdoors. A gym space at the high school was provided by the administration. 
The space was not permanent, but could be scheduled for use when necessary. This 
meant that the LSPT needed to be set up and removed after each assessment meeting (See 
below for LSPT setup and procedure). 
The LSPT was set up in the corner of the gym. Meetings to perform the LSPT 
testing usually occurred in the morning, before school. As such, there were no other 
students present and few distractions for the participants while performing the soccer test. 
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3.3 Data Collection 
3.3.1 Physiological data collection 
3.3.1.1 Instrumentation. Physiological data collection and biofeedback training 
was completed using a Thought Technology (TT) ProComp Infiniti encoder, utilizing a 
USB interface unit connected to a 15-inch laptop. According to manufacturer 
recommendations, the inputs into the encoder were as follows: 
Input G: Blood Volume Pulse (BVP) sensor by TT uses photoplethysmographic 
(PPG) recording to measure heart rate in beats per minute (bpm). BVP signals provided 
information for heart rate and interbeat interval data for HRV spectral analysis. The BVP 
sensor was placed on a thumb of the non-dominant hand. 
Input H: Respiration (RESP) sensor by TT uses an abdominal belt with built-in 
strain gauge to measure breathing rate in respirations per minute (rpm). RESP signals 
provided information about respiration rate and respiration data for HRV spectral 
analysis. The RESP sensor was placed around the abdomen, at the base of the ribcage 
(approximately the level of the navel) and was secured with a Velcro strap. The 
respiration belt was worn over clothing. 
Input C: Skin Conductance (SC) sensor by TT uses galvanic skin response (GSR) 
recording to measure changes in electrical conductivity of the skin. Skin conductance is 
measured in microsiemens (µS). Skin conductance changes are an indirect measure of 
sympathetic response. The SC sensor was placed on two non-contiguous fingers of the 
non-dominant hand. The index and ring fingers were used. 
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Input F: Skin Temperature (TEMP) sensor by TT uses a thermistor to measure the 
temperature of the skin in degrees Celsius (oC). The TEMP sensor was placed on the 
dorsal surface of the non-dominant hand and secured with athletic tape. 
3.3.1.2 Software. Biograph Infiniti software (Version 6.2.0) was used to capture 
and analyze raw psychophysiological data, as well as provide biofeedback. Additionally, 
the Mindfulness Suite software package (Biofeedback Federation of Europe) was used as 
a tool for providing biofeedback with a mindfulness acceptance-based approach. 
3.3.2 Psychological data collection 
3.3.2.1 Assessments. In order to evaluate cognitive changes that took place due to 
the intervention, two psychological measures were given to the participants. Competitive 
anxiety was measured through the Competitive Sport Anxiety Inventory-2 (CSAI-2, 
(Martens, Vealey, Burton, 1990) (Appendix D), and state of mindfulness was measured 
using the Mindfulness Attention Awareness Scale (MAAS, (Brown & Ryan, 2003) 
(Appendix E). 
Competitive State Anxiety Inventory-2.  The CSAI-2 is a multidimensional 
measure of competitive state anxiety. It assesses an athlete’s thoughts and feelings about 
competition at a given moment in time. The inventory consists of 27 items and takes 
approximately five minutes to complete in pen-and-paper format. Each item is rated on a 
Likert scale from 1 (“Not at all”) to 4 (“Very much so”). Three, nine-item subscales 
comprise the 27-item inventory: cognitive anxiety (e.g. “I feel nervous”), somatic anxiety 
(e.g. “My heart is racing”), and self-confidence (e.g. “I feel self-confident”). Each 
subscale produces a separate score which can range from 9 to 36. Scores are summed 
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within each subscale with lower scores indicating low anxiety (confidence) and higher 
scores indicating higher anxiety (confidence) (Martens, Vealey., Burton, 1990). 
A sufficiently high degree of internal consistency has been demonstrated for the 
subscales of the CSAI-2, with alpha coefficients ranging between 0.79 and 0.90 (Martens, 
Vealey., Burton, 1990). Additionally, the construct validity of the instrument has been 
demonstrated (Barnes, Sime, Dienstbier, & Plake, 1986; Martens, Vealey., Burton, 1990). 
Mindfulness Attention Awareness Scale.  The MAAS is a 15-item scale which 
assesses the core characteristics of mindfulness in its respondents. The core of 
mindfulness comprises simple observation and a sensitive and receptive awareness of 
what is occurring in the present moment. This inventory takes approximately five 
minutes to complete in pen-and-paper format. Each item on the MAAS is rated on a 
Likert scale from 1 (“Almost Always”) to 6 (“Almost Never”). These items are 
distributed across five domains: cognitive, emotional, physical, interpersonal, and 
general. Some example items include: “I forget a person’s name almost as soon as I’ve 
been told it for the first time”, “I rush through activities without being really attentive to 
them”, and “I find myself doing things without paying attention”. The scale is scored by 
computing the mean of the 15 responses. Higher scores reflect a high dispositional level 
of mindfulness (Brown & Ryan, 2003). 
Many studies have shown excellent psychometric properties for the MAAS. 
Internal consistency levels (Cronbach’s alpha) ranges from 0.80 to 0.90, with alpha equal 
to 0.82 for a student population (Brown & Ryan, 2003). High discriminant and 
convergent validity have also been noted. 
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3.3.3 Performance data collection 
3.3.3.1 Sport performance measure. A sport specific performance measure was 
delivered in order to evaluate any changes in the athletes’ ability to perform a sport-
related task (soccer passing).  This study employed the use of the Loughborough Soccer 
Passing Test (LSPT; Ali et al., 2007). The LSPT, which is simple to setup and administer, 
is a valid and reliable measure of soccer passing skill. 
Loughborough Soccer Passing Test.  The LSPT is comprised of rebound boards 
surrounding a rectangular playing area. See Appendix F for a schematic representation of 
the test setup. The player must complete a circuit of 16 passes to colored targets on these 
rebound boards. Marked lines and cones indicate the passing and receiving zones within 
the playing area. Immediately after each pass to the colored target on the rebound board, 
a verbal cue alerts the player to the next desired target. The task must be completed as 
quickly as possible while minimizing errors (missed targets, incorrect zone play, poor 
ball control, etc.). Time penalties are added for errors. Scores are computed as total time 
which is comprised of time to complete the task plus penalty time. Lower times are 
associated with faster, more accurate completion and indicate greater soccer passing skill 
(Ali et al., 2007; Foskett, Ali, & Gant, 2009). 
Studies on the LSPT were carried out comparing elite to non-elite players. 
Research has shown that the LSPT is valid and reliable to assess differences in soccer 
skill performance for both male (Ali et al., 2007) and female (Ali, Foskett, & Gant, 2008) 
athletes. 
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3.4 Study Design 
3.4.1 Rationale. A single-subject, multiple-baseline across subjects design was 
employed for the current study. This design allows for each participant to serve as their 
own control. Additionally, this type of study helps to provide a more detailed 
understanding of the effectiveness of a particular intervention. This is especially true 
within the field of sport psychology where single-subject designs are beneficial for 
evaluating applied practice. (Barker et al., 2013). 
For several decades, arguments have been made for the increased use of single-
subject research designs in sport psychology (Barker et al., 2013; Bryan, 1987; Hrycaiko 
& Martin, 1996; Martin et al., 2004; Zaichkowsky, 1980). These designs are beneficial 
during initial inquiries into a new area, or when working with unique populations, for 
example competitive athletes. Additionally, small changes in outcome, which are 
frequently encountered in sport may be lost within a larger group experimental study. 
Single subject designs could uncover small changes that may not be statistically 
significant, but could have dramatic, practical significance to athletes and coaches 
(Barker et al., 2013). 
Three types of dependent variables were measured in the current study. Outcomes 
related to physiology, psychology, and performance were recorded. Assessment of 
physiological, psychological, and sport performance was conducted because each of these 
characteristics have an important effect on the athlete. In addition, there are interactions 
among these types of variables, as demonstrated by the cognitive-behavioral framework 
(Whelan, et al., 1991; Williams & Leffingwell, 2002) which could inform the 
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development of the intervention. Not including any of these three significant outcome 
measures, the analysis could be missing a key component of athlete development. 
3.4.2 Dependent variables. The current study evaluated the effects of a MBT 
intervention on three types of dependent variables: physiological, psychological, and 
sport performance. Assessments of these three parameters were made during the baseline 
period (prior to the delivery of the MBT intervention), as well as during the intervention 
period (when the participants received the MBT). This allowed for accurate 
understanding of any changes that took place due to the intervention procedures. 
3.4.2.1 Physiological measures. Consistent with the single-subject, multiple 
baseline design, ongoing measurements of physiology were assessed over the course of 
entire study. The physiological signals of heart rate (HR), heart rate variability (HRV), 
respiration rate (RESP), skin conductance (SC), and skin temperature (TEMP) were 
recorded for each athlete. These variables were measured at rest as well as under during a 
‘stress profile assessment’. Psychological stress during this assessment was induced using 
the Stroop test, difficult math problems, and a stressful memory recall. 
Initially, each athlete had at least three meetings to establish baseline 
measurements of physiology. Following baseline recordings, the participants had five 
meetings for the first phase of the MBT intervention. During each of these study 
meetings, biofeedback training occurred, and resting physiological measurements were 
taken. Following the first phase of training the participants met for a single day in which 
only physiological measurements were again taken. As they moved into the second 
intervention phase the participants attended a weekly meeting for up to an additional 
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seven weeks during which physiology was assessed. See Appendix G for a timeline of 
participant study meetings. 
3.4.2.2 Psychological measures. In order to evaluate cognitive changes that took 
place due to the intervention, two psychological measures were given to the participants. 
Competitive anxiety was measured through the Competitive Sport Anxiety Inventory-2 
(CSAI-2, (Martens, Vealey., Burton, 1990), and mindfulness was measured using the 
Mindfulness Attention Awareness Scale (MAAS, (Brown & Ryan, 2003). 
These assessments were administered at each of the baseline meetings, and again 
after the first phase of MBT training. During phase two of the intervention, psychological 
assessments were administered during each weekly meeting, up to seven weeks. See 
Appendix G for a timeline of participant study meetings. 
3.4.2.3 Sport performance measures. Changes in sport performance were 
evaluated during the baseline period, and during phase two of the intervention period. 
Specifically, soccer passing skill was measured using the LSPT (Ali et al., 2008; Ali et 
al., 2007). 
 Initially, each athlete met three times on three separate days to establish baseline 
measurements for the soccer performance test. Due to scheduling challenges, these soccer 
performance meetings needed to be on different days than the 
physiological/psychological meetings. Sport performance data were not collected during 
phase one of the intervention. Assessment of sport performance then continued during the 
second phase of the intervention. During this phase the participants met approximately 
weekly for up to an additional seven weeks for the soccer testing. See Appendix G for a 
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timeline of participant study meetings. 
3.5 Procedure 
 3.5.1 Introduction. The following section will detail the actual activities that 
were carried out through the implementation of the current study. The procedures 
followed will be described for each meeting during the baseline, intervention phase one, 
and intervention phase two. This section specifies a general set of methods that were 
applied. Although most meetings were consistent with the protocol, some minor variation 
occurred across participants. For example, during the second meeting of intervention 
phase two, Participant 1 performed biofeedback for the planned 10 minutes while 
Participant 3 needed to leave early for class and only completed eight minutes of 
biofeedback training that day.  
3.5.2 Baseline. The purpose of baseline days was to establish information on the 
initial condition of the participant. During the baseline period, physiological, 
psychological, and sport performance measures were taken. Mindfulness or biofeedback 
were not trained during this baseline period. The physiological and psychological 
assessment occurred in a quiet room at the high school, and the sport performance task 
took place in the gymnasium. The physiological and psychological testing was done in a 
single meeting with an individual athlete and took approximately 30 minutes to complete. 
See Table 2 for a detailed timeline of baseline meeting activity. The sport performance 
testing (LSPT) was done with an individual participant, or multiple participants 
concurrently in a group. The number of athletes concurrently performing the soccer task 
depended on the students’ schedules and the availability of the gym space. Overall the 
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LSPT was administered over about an hour, with each participant involved for about 20 
minutes. 
Table 2 
Timeline for baseline meeting 
Visit Activity 
Duration Running Time 
(min) (min) 
Baseline 
Introduction 03:00 03:00 
5-minute neutral baseline 05:00 08:00 
Psychological assessment 06:00 14:00 
Stress profile assessment 14:00 28:00 
 
3.5.2.1 Initiation of intervention phase. Multiple baseline designs within single-
subject research seek to introduce the intervention to each participant at different point in 
time (Kazdin, 2016). This allows for observation of any intervention effects that occur 
independently in each participant. Due to inherent challenges with participant schedules 
and space availability, it was only possible to meet with a single participant each day, at 
the initiation of the intervention phase. This resulted in a staggered start across 
participants. For example, for their first intervention training meeting Participant 1 came 
on Wednesday, Participant 2 met on Thursday, Participant 3 on Friday, and Participant 4 
on Saturday. See Appendix G for a timeline of the participant meetings, and the specific 
start date for each participant. 
3.5.2.2 Baseline Day 1. In advance of the participant’s arrival, the researcher 
arrived about 20 minutes early to set up the space and the equipment. In the pre-meeting 
time the researcher cleared any items from the table, set up the chairs, and set up the 
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laptop and biofeedback equipment. This was done so that the participant could efficiently 
complete the testing in a timely manner. 
Upon arriving, the researcher greeted the participant, and outlined the details of 
the upcoming meeting. This introduction usually took about two minutes. During this 
conversation the researcher attached the physiological sensors to the participant. The 
respiration belt was placed around the abdomen and secured with Velcro. The BVP and 
SC sensors were placed on the thumb and fingers of the non-dominant hand. Finally, the 
TEMP sensor was secured with athletic tape to the dorsal surface of the non-dominant 
hand. The participant was instructed to find a comfortable position and sit quietly in the 
chair. 
Physiological recording was initiated and signal quality was checked. If any 
signal looked faulty, the appropriate sensor was adjusted. Assessment began with a 5-
minute neutral baseline. The participant was instructed to sit quietly, with eyes open for 
five minutes. During this time, recordings of HR, RESP, SC, and TEMP were made. 
After five minutes, recording ceased and the data was saved. 
Immediately following the 5-minute neutral baseline the participant was provided 
with the two paper-&-pencil psychological assessments (CSAI-2 and MAAS). The 
participant was provided with a pen and instructed to take their time filling out the 
questionnaires and to answer as accurately as possible about how they were currently 
thinking and feeling. The physiological sensors were not removed as they were on the 
non-dominant hand allowing the participant to write with the other hand. The 
psychological assessments took four to six minutes to complete. When finished the 
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researcher took the questionnaires, labeled them with date, meeting number, and 
participant code, and filed them for document scanning. 
Immediately following the psychological testing the stress profile assessment was 
performed. Guided by the Biograph Infiniti software stress profile protocol the researcher 
led the participant through this physiological test. The physiological sensors remained in 
place on the participant, and recorded HR, RESP, SC, and TEMP during the stress 
assessment. See Table 3 for an outline of the steps in the stress profile assessment. 
Table 3 
Steps in the stress assessment 
Activity 
Duration Running Time 
(min) (min) 
Baseline 02:00 02:00 
Stroop test 02:00 04:00 
Recovery 02:00 06:00 
Math stressor 02:00 08:00 
Recovery 02:00 10:00 
Stressful recall 02:00 12:00 
Recovery 02:00 14:00 
 
The testing began with a two-minute baseline in which the participant was 
instructed to sit quietly, with eyes open. Next, the researcher moved the laptop screen in 
front of the participant and they carried out the Stroop test, calling out the color of the 
words on the screen. This stressor portion of the assessment lasted two minutes. 
Following this was a two-minute recovery period in which the participant was again 
instructed to sit quietly, with eyes open for two minutes. Next, the math stressor was 
given. The researcher spoke out loud difficult math problems, and the participant was 
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instructed to attempt to solve these problems in their head to the best of their ability, and 
to tell the researcher their answer. Math problems were given and solved for two minutes. 
Another two-minute recovery period followed. Finally, a stressful recall task was 
performed by the participant. The researcher instructed the participant to try to remember 
as best they could a recent stressful or anxiety-causing event. The participant was urged 
to use a sport related memory, but if none was available was allowed to use another life 
event. In order to verify that the participant was truly remembering the event, the 
researcher prompted the participant to tell him about the event and why it was stressful. 
The participant was allowed to speak for two minutes. Finally, the last recovery period 
was recorded, with the participant sitting quietly, with eyes open for two minutes. 
Following the completion of the stress profile assessment the sensors were 
removed from the participant and the baseline meeting was complete. The researcher 
verified that all data had been saved, and recorded any relevant information about the 
participant and the session in a research journal. 
Due to timing constraints with both student schedules and gym space availability 
the soccer performance test was performed on a different day than the 
physiological/psychological meeting. In advance of the participants, the researcher 
arrived to the gym 20 minutes prior to the scheduled meeting in order to set up the LSPT. 
Once the participants arrived they were instructed to do a general physical warm-up in 
order to prepare for the soccer testing. This warm-up involved kicking the soccer ball 
back-and-forth with other participants, or against a wall, in addition to jogging and 
general dynamic stretches. 
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Prior to each participant performing the first LSPT, instructions were given as to 
the rules of the task (Ali et al., 2007; Ali et al., 2008). Additionally, the researcher 
demonstrated proper technique. The researcher then answered any participant questions. 
When the participants were sufficiently warmed up they were each invited to perform the 
LSPT. 
Each participant was given two opportunities to practice the protocol. Each of 
these two rounds were performed just as the official recorded attempts were, however 
they were not video recorded, nor was the time noted. After each attempt the participant 
would rest for at least one minute, if no other participants were in attendance, or for the 
amount of time it took for the other participants to perform the testing. This would be at 
most approximately three minutes, if all other participants were in attendance that day. 
After completing two practice rounds, the participants were informed that their 
next performance would be official and their results would be recorded. The video 
camera was turned on, and the time taken to complete the task was recorded by the 
researcher. Each participant in attendance rotated through four rounds (two practice and 
two official) until all participants completed the task for the day. 
3.5.2.3 Baseline Day 2+. Subsequent baseline days followed the same protocol as 
the first baseline day. After a brief introduction the sensors were applied to the 
participants and a 5-minute neutral baseline was recorded. As before, while seated quietly 
for five minutes, recordings of HR, RESP, SC, and TEMP were made. Immediately 
following the 5-minute baseline the psychological assessments were given. As 
previously, when the participants completed the paper-&-pencil assessments, the 
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physiological stress profile assessment was administered. As with baseline day one, at the 
conclusion of the stress profile the meeting was complete. 
Two minor changes were made during each subsequent baseline day in order to 
maintain a novel stressful stimulus during the physiological stress profile assessment. 
During the math stressor portion of the stress assessment, different math problems were 
given at each meeting. Additionally, during the stressful recall, the participants were 
asked to use a different memory than the ones used in previous baseline days. 
Every attempt was made to have baseline day meetings occur consecutively for 
each participant. Due to participant scheduling conflicts this was not always possible. For 
each participant, baseline day meetings occurred as close together as scheduling 
constraints would allow. See Appendix G for a timeline showing the meeting dates for 
each participant. 
Typically, within single-subject, multiple baseline across subjects research 
designs the intervention is begun when a stable baseline is achieved (Kazdin, 2002). 
However, given that this research examined three dependent variables, the traditional 
approach for introduction of the intervention was not appropriate. Although Martin and 
Pear (2003) suggested selecting a ‘primary’ dependent variable in the case of more than 
one outcome measure this was not appropriate for this research in that all three dependent 
variables (physiological, psychological, sport performance) were critical to evaluating the 
intervention. To overcome this concern several researchers (Reeves, Nicholls, & 
McKenna, 2011; Thelwell, Greenlees, & Weston, 2006, 2010) have made an ‘a priori’ 
decision as to when the baseline collection would end and when the participants would 
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begin receiving the intervention. It is with this same reasoning, and due to time 
constraints that the current study set a three-day baseline for all subjects. 
During study implementation three of the four subjects attended three baseline 
day meetings. Due to a more flexible schedule and eagerness to attend meetings, the 
fourth participant (Participant 3) was able to attend two additional baseline meetings. 
Therefore, Participant 3 provided five baseline day measurements prior to the delivery of 
the intervention. 
3.5.3 Intervention. The intervention consisted of a mindfulness-based 
biofeedback protocol as suggested by Khazan (2015, 2016). This framework provided 
general guidelines under which each athlete trained the body’s ability to self-regulate 
using heart-rate variability (HRV) biofeedback, learned mindfulness meditation skills, 
and thus potentially fostered a more beneficial interpretation of physiological, 
psychological, and emotional activation. Specific methodological procedures used during 
the intervention were adapted from previous work (Khazan, 2009; Khazan, 2016; 
Khazan, 2013; Lehrer et al., 2013; Lehrer, Vaschillo, & Vaschillo, 2000). A standardized 
protocol derived from these procedures was carried out for each participant, and followed 
as closely as possible giving scheduling, participant, timing, and environmental 
constraints. 
The intervention was administered in two phases. Phase 1 consisted of an initial 
five-day intensive mindfulness-based biofeedback training. Directly following Phase 1, 
Phase 2 consisted of up to seven weeks of continued at-home meditation practice and 
weekly check-ins with the researcher. The check-ins allowed each athlete to report on her 
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at-home practice and to serve as a skill refresher where the athlete was able to engage 
with the biofeedback equipment. 
The following sections provide an overview of each phase of the intervention, as 
well as detailed descriptions of each meeting day of the training. For further details, such 
as biofeedback screens used, and specific meditations practiced see Appendix H. 
3.5.3.1 Phase 1. This initial phase of intervention training served as an intensive 
introduction to both biofeedback and mindfulness meditation for the participants. After 
the baseline period, athletes had five meetings with the researcher to learn physiological 
self-awareness and self-regulation through HRV biofeedback. They also practiced skills 
of mindfulness meditation, focusing on present moment, nonjudgmental awareness. Over 
the course of the five training days the two skills were integrated (Khazan, 2016), 
resulting in the athlete having an understanding of mindfulness and biofeedback, and 
their combination, and giving them the ability to practice on their own. Physiological 
baseline measures were recorded during this period. This was accomplished using the 5-
minute neutral baseline protocol, as in the baseline period meetings. Psychological and 
sport performance measures were not measured on these five training days. 
A general outline of the initial five-day course of combined biofeedback and 
mindfulness training (Phase 1) follows (Steps for optimal performance training from 
Khazan, 2016): 
i) Train body self-regulation with HRV biofeedback 
1) Determine resonant frequency (RF) breathing rate 
2) Train breathing at RF breathing rate 
3) Encourage the athlete to practice 20 minutes each day 
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4) Encourage the athlete to utilize RF breathing for brief periods of 
time during practice or competition, or as part of recovery 
ii) Teach mindfulness meditation skills 
1) Teach concentration mindfulness practices 
2) Teach open awareness mindfulness practices 
3) Teach self-compassion 
4) Encourage mindfulness meditation practices for 20 minutes each 
day 
iii) Teach the skill of reappraisal 
iv) Teach mindfulness skills for a moment of difficulty (FLARE technique) 
 
Participant meetings during Phase 1 of the intervention took place in a quiet room 
(as described above). Each meeting took approximately 30 minutes, and followed the 
same general format: After greeting and a brief introduction, each meeting began with 
physiological recording of a neutral baseline (as in the baseline phase). Then, 
mindfulness meditation was practiced. Next, the mindfulness-based biofeedback training 
followed, broadly adhering to the steps for optimal performance training as outlined by 
Khazan (2016), and the protocol for HRV biofeedback training as described by Lehrer et 
al. (2013). Over the course of the five meetings the participants learned mindful breath 
awareness, mindful meditation skills, and HRV biofeedback training technique. 
3.5.3.1.1 Day 1. Prior to the participant attending the meeting, the researcher 
arrived about 20 minutes early to set up the space and the equipment. In the pre-meeting 
time the researcher cleared any items from the table, set up the chairs, and set up the 
laptop and biofeedback equipment. This was done so that the participant could efficiently 
complete the testing in a timely manner. 
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Upon arriving the participant was greeted, and introduced to the plan for the 
meeting. This introduction usually took about two minutes. During this conversation the 
researcher attached the physiological sensors to the participant. The respiration belt was 
placed around the abdomen and secured with Velcro. The BVP and SC sensors were 
placed on the thumb and fingers of the non-dominant hand. Finally, the TEMP sensor 
was secured with athletic tape to the dorsal surface of the non-dominant hand. The 
participant was instructed to find a comfortable position and sit quietly in the chair. 
Physiological recording was initiated and signal quality was checked. If any 
signal looked faulty the appropriate sensor was adjusted. Assessment began with a 5-
minute neutral baseline. The participant was instructed to sit quietly, with eyes open for 
five minutes. During this time recordings of HR, RESP, SC, and TEMP were made. After 
five minutes, recording ceased and the data was saved. 
Immediately following the 5-minute neutral baseline the sensors were removed 
from the participant, and they were told that we would be doing a short meditation. The 
participant was instructed to sit quietly in a chair, or on the floor, or lay down on the floor 
if they found that most comfortable. The researcher told the participant that he would be 
doing the meditation as well. 
Using the researcher’s laptop computer, an audio file was played that presented a 
guided meditation. Upon starting the audio, the researcher took a seat on the other side of 
the room from the participant so as to not distract them. The researcher told the 
participant to follow the directions in the audio meditation as best they could. The 
researcher performed the meditation concurrently. See Appendix I for a sample transcript 
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of a meditations used during the mindfulness meditation training part the intervention. 
The meditation lasted approximately five minutes. 
Following the meditation, the participant was given instructions on how to breathe 
diaphragmatically. As part of this instruction, the idea of balloon imagery was introduced 
as a way to facilitate shifting the breath to the abdomen and to help the participant 
remember how the stomach is supposed to move (Khazan, 2013, p. 87). Additionally, the 
researcher demonstrated the technique by placing his hands on his chest and abdomen 
and taking several deep breaths. The participants were given time to practice the belly 
breathing. Any participant questions were addressed at this time, as well. When the 
participant felt comfortable with new breathing technique the physiological sensors were 
reapplied to their hand and abdomen. 
The next part of the training involved continued diaphragmatic breathing, but with 
feedback on breathing physiology. Using a respiration biofeedback screen the 
participants were instructed to continue with belly breathing while attempting to produce 
large, rolling peaks on the screen. The researcher guided them by reminding them about 
using their belly to breath, and to think about breathing like filling and deflating a 
balloon. 
After a few minutes of feedback assisted breathing, a new screen was introduced 
which provided a breath pacer. The researcher explained the purpose of the pacer to the 
participant and instructed her to follow the graphic by inhaling as the dot moved up, and 
exhaling as the dot moved down. The pacer was initially set near the resting breathing 
rate of each participant. After a few minutes the pacer was slowed, and the participant 
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was instructed to follow. If the participant felt comfortable, the pacer was again slowed 
after a few minutes of practice. During this time the researcher continually guided the 
participant in proper breathing mechanics. This gradual slowing of pacer breathing 
continued for about 10 minutes. The changes were all guided by the comfort and 
willingness of the participant. After this pacer breathing training the meeting was 
complete. See Table 4 for a timeline of the first meeting in Phase 1. 
Table 4 
Timeline for first meeting of intervention phase 1 
Visit Activity 
Duration Running Time 
(min) (min) 
P1-1 
Introduction 03:00 03:00 
5-minute neutral baseline 05:00 08:00 
Meditation 06:00 14:00 
Diaphragmatic breathing 05:00 19:00 
Pacer breathing 10:00 29:00 
 
3.5.3.1.2 Day 2. The format for the second meeting of the intervention phase was 
very similar to the first meeting (described above). After a brief introduction the sensors 
were placed on the participant and the physiological signals verified. A 5-minute neutral 
baseline was recorded while the participant sat quietly in a chair with eyes open. 
Following this physiological recording, the participant practiced a mindfulness 
meditation as guided by audio played on the researcher’s laptop computer. The researcher 
meditated as well. See Appendix I for a sample transcript of a meditation used during the 
meditation training.  
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Table 5 shows the protocol timing used during the second intervention meeting. 
Similar to the first meeting, diaphragmatic breathing was explained by the researcher and 
practiced by the participant. Because it was introduced previously, less time was spent 
practicing belly breathing without the physiological feedback. Again, pacer breathing was 
introduced in this meeting. The participant continued to build breath awareness and 
practice pacer breathing as in the previous meeting. 
Table 5 
Timeline for second meeting of intervention phase 1 
Visit Activity 
Duration Running Time 
(min) (min) 
P1-2 
Introduction 02:00 02:00 
5-minute neutral baseline 05:00 07:00 
Meditation 06:00 13:00 
Diaphragmatic breathing 03:00 16:00 
Pacer breathing 12:00 28:00 
 
3.5.3.1.3 Day 3. Similar to the previous two invention meetings, the third day 
began with a brief introduction, and placing the sensors on the participant. At this point, 
the participants were beginning to see how sensor placement was done, and would 
sometimes begin to do it herself. A 5-minute neutral baseline was recorded, as 
previously. Following the neutral baseline, the sensors were removed, and meditation 
practice took place. Again, audio guidance was played for the participant, and the 
researcher practiced concurrently. See Appendix I for a sample guided meditation 
transcript. Also, as with previous meetings, following the meditation practice the 
physiological sensors were reattached, and pacer breathing was practiced. Guidance was 
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given by the researcher to help the participant continue to practice good diaphragmatic 
breathing mechanics. Additionally, the participant received feedback from the 
biofeedback software, on the laptop computer screen. 
A RF determination was made at the end of this third intervention meeting. The 
RF is the breathing rate that maximizes the amplitude of heart rate oscillations (Khazan, 
2013). To determine this breathing rate for each participant, a standard protocol was 
followed in which the participant used a pacer to breath at various rates while heart rate 
was recorded (Lehrer et al., 2000; Lehrer et al., 2007; Khazan, 2013). Using the 
‘Resonant Frequency Assessment’ in the Mindfulness Suite software package, 
participants were guided through pacer breathing levels beginning at 7.0 bpm. After 90 
seconds the pace was slowed by 0.5 bpm. This continued every 90 seconds until the 
assessment was complete after the participant breathed at 4.5 bpm. The meeting was 
finished after this assessment. See Table 6 for a timeline of events during meeting 
number three of phase 1 of the intervention. 
Table 6 
Timeline for third meeting of intervention phase 1 
Visit Activity 
Duration Running Time 
(min) (min) 
P1-3 
Introduction 02:00 02:00 
5-minute neutral baseline 05:00 07:00 
Meditation 06:00 13:00 
Pacer breathing 05:00 18:00 
RF determination 12:00 30:00 
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3.5.3.1.4 Day 4. HRV biofeedback was introduced on the fourth day of training of 
phase 1 of the intervention. Just as with previous meetings, the session began with a short 
introduction, during which sensors were placed. Following this, a 5-minute neutral 
baseline was recorded, after which meditation was practiced. After reapplying the 
sensors, diaphragmatic breathing techniques were reinforced, and practiced briefly. 
During this training day, HRV biofeedback training was introduced, explained and 
practiced for the first time. 
After an initial explanation of HRV, and a discussion of the participant 
expectations from the training, any questions were answered. Then, using the HRV 
biofeedback training screens provided with the Mindfulness Suite the participant 
practiced breathing near her resonant frequency, and maximizing HRV. During this 
practice the researcher provided gentle guidance. Guidance was directed toward having 
the participant take a non-striving perspective to the training, while always returning to 
the breath. Practice was continued for about 10 minutes, with short breaks being taken 
when the participant needed them. See Table 7 for the activities during training day four. 
Table 7 
Timeline for fourth meeting of intervention phase 1 
Visit Activity 
Duration Running Time 
(min) (min) 
P1-4 
Introduction 02:00 02:00 
5-minute neutral baseline 05:00 07:00 
Meditation 06:00 13:00 
Diaphragmatic breathing 02:00 15:00 
Biofeedback training 12:00 27:00 
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3.5.3.1.5 Day 5. The activities undertaken by the participants during the fifth 
meeting of the intervention were identical to the previous meeting, with one exception. 
The meditation length was extended during this meeting. After four days of meditation 
training the participants were pushed to extend their meditation endurance and complete a 
10-minute audio guided meditation. See Appendix I for a sample meditation transcript. 
Meeting number five included the typical introduction, 5-minute neutral baseline, 
diaphragmatic breathing, and HRV biofeedback training as with previous meetings. The 
HRV biofeedback training followed a similar protocol with the participants being guided 
by the Mindfulness Suite screens, as well as prompted by the researcher. See Table 8 for 
the timeline of activities. 
Table 8 
Timeline for fifth meeting of intervention phase 1 
Visit Activity 
Duration Running Time 
(min) (min) 
P1-5 
Introduction 02:00 02:00 
5-minute neutral baseline 05:00 07:00 
Meditation 10:00 17:00 
Diaphragmatic breathing 02:00 19:00 
Biofeedback training 12:00 31:00 
 
3.5.3.2 Phase 2. The purpose of phase two of the intervention was to provide 
continued refresher training with the biofeedback equipment, through weekly meetings 
with the researcher. In addition, weekly meetings recorded physiological, psychological, 
and sport performance measures. As with previous phases, the biofeedback training, and 
physiological and psychological measures occurred in a quiet room at the high school. 
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The sport performance measure again was carried out in the gymnasium. The meetings in 
the room measuring physiology and psychology, and performing refresher biofeedback 
training took approximately 40 minutes per participant to complete. The soccer testing 
took approximately 10 to 20 minutes per athlete, depending on how many participants 
met at each session. Intervention phase two can be thought of as a combination of 
baseline and training phase one, with participants practicing their diaphragmatic 
breathing and HRV biofeedback, as well as being assessed on the three type of measures. 
3.5.3.2.1 Day 1+. The steps taken and timing during the phase two intervention 
weekly meetings can be seen in Table 9. These meetings included parts of both baseline 
and intervention phase one training days. 
Table 9 
Timeline for weekly meetings during intervention phase 2 
Visit Activity 
Duration Running Time 
(min) (min) 
P2 
Introduction 02:00 02:00 
5-minute neutral baseline 05:00 07:00 
Psychological assessment 06:00 13:00 
Stress profile assessment 14:00 27:00 
Diaphragmatic breathing 02:00 29:00 
Biofeedback training 12:00 41:00 
 
 As usual, the meetings began with a brief introduction. The physiological sensors 
were attached to the participant, and a 5-minute neutral baseline was recorded. 
Physiological parameters of HR, RESP, SC, and TEMP were recorded while the 
participants sat quietly with eyes open. Immediately following the 5-minute neutral 
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baseline psychological testing, consisting of the same two paper-&-pencil assessments 
(CSAI-2 and MAAS) were given. The participant was instructed to take their time 
completing the assessments and to answer as accurately as possible reflecting their 
current mental and emotional state. They were given the psychological assessment before 
the physiological stress assessment in order to avoid any carryover effects. 
 Following the psychological assessment, a stress profile assessment protocol was 
performed. The stress assessment was carried out as in the baseline phase and in 
accordance with the recommendations of Khazan (2009, 2013).  
 After the physiological stress profile assessment, the refresher biofeedback 
training occurred. As during intervention phase one, the participant practiced 
diaphragmatic breathing, with the assistance and guidance of the biofeedback software 
and the researcher. Finally, the participant practiced HRV biofeedback. Screens from the 
Mindfulness Suite were used to guide training of HRV. The researcher offered verbal 
support and suggestions when necessary in order to facilitate a non-striving, relaxed 
attitude towards progress. 
 3.5.3.2.2 Sport performance assessment. During intervention phase two, the 
soccer performance assessment (LSPT) was carried out similarly to the procedures 
followed during the baseline period. The protocol was carried out as per Ali and 
colleagues (2008, 2007). Due to timing constraints with both student schedules and gym 
space availability the soccer performance test needed to be carried out on a different day 
from the physiological/psychological assessment meeting. 
On soccer testing days, the researcher arrived to the gym 20 minutes prior to the 
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athletes in order to set up the LSPT. Once the participants arrived they were instructed to 
do a general physical warm-up in order to prepare for the soccer testing. This warm-up 
typically involved kicking the soccer ball back-&-forth with other participants, or against 
a wall, in addition to jogging and general dynamic stretches. 
 Since it had been up to a few weeks since the participants performed the LSPT the 
researcher reviewed the instructions and the rules of the task. This was done prior to any 
practice rounds of the soccer test. The researcher then answered any questions the 
participants had. When the participants were sufficiently warmed up they were each 
invited to perform the LSPT. 
Each participant was given two opportunities to practice the protocol. Each of 
these two rounds were carried out just as the official recorded attempts were, however 
they were not video recorded, nor was the time noted. After each attempt the participant 
would rest for at least one minute, if no other participants were in attendance, or for the 
amount of time it took for the other participants to perform the testing. This would be at 
most approximately three minutes, if all other participants were in attendance that day. 
 After completing two practice rounds, the participants were informed that their 
next performance would be official and their results would be recorded. The video 
camera was turned on, and the time taken to complete the task was recorded by the 
researcher. Each participant in attendance rotated through four rounds (two practice and 
two official) until all participants completed the task for the day. 
3.5.3.2.3 At-home meditation practice and journal. In addition to their weekly 
check-in meetings, during phase two of the intervention participants were asked to 
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engage in a daily practice of meditation. In order to facilitate and encourage this daily 
practice, the participants were allowed to meditate whenever and wherever was 
convenient for them. At the start of phase two the participants were asked to do a five-
minute daily meditation on their own. As the training phase progressed the participants 
were encouraged to work up to 15 minutes of daily meditation practice. 
 In order to emulate the meditation practice that occurred in phase one training 
meetings with the researcher, the participants were provided with audio guided 
meditations. Through either a link to a website or the direct sharing of audio files the 
researcher provided the participants with a variety of guided meditations. The majority of 
these guided meditations had a focus on body awareness and breath awareness. The audio 
meditations also spanned a variety of lengths and included tracks from several different 
practitioners. See Appendix J for a list of guided meditations, including titles, lengths, 
speakers, and links where available. 
In order to gauge adherence, participants were provided with a journal in which 
they were told to record details of their daily meditation practice. Participants were asked 
to record the date, start time, location, and duration of each meditation session. Also, they 
were asked to describe how they felt before and after the practice, and to note which 
guided audio they used, if any. 
 At each weekly meeting during phase two the researcher inquired about the 
previous week’s meditation practice. In addition, the researcher photographed the journal 
entries. At the end of each weekly meeting, the researcher provided general 
encouragement, as well as a reminder to attempt to meditate daily over the coming week. 
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The researcher answered any questions the participants may have had about the 
meditation practice and tried to offer suggestions, while also prompting the participants 
to increase the duration of their meditation practices over the course of the phase two 
training period. 
3.5.4 Administration. The researcher administered all biofeedback and 
mindfulness meditation training. Additionally, he performed all physiological recordings, 
administered all psychological assessments, and coordinated all sport performance 
measures. The researcher was initially trained in using biofeedback equipment and 
techniques by Dr. Leonard Zaichkowsky, PhD, who is an expert in the field with over 35 
years of biofeedback research experience. Additionally, Dr. Inna Khazan, PhD, a 
dissertation committee member, oversaw many aspects of the training and guidance of 
the researcher in both biofeedback and mindfulness techniques.  
3.5.5 Data collection. Three main types of data were collected through various 
measures during this study. These included physiological, psychological, and sport 
performance. In addition to these main types and their corresponding subtypes, 
information about at-home meditation practice was collected through participant journals. 
The following section will describe how the various data were collected and manipulated 
prior to analysis. 
3.5.5.1 Physiological. All physiological data was collected through the TT 
Biograph Infiniti software (Version 6.2.0). Measurements of HR, RESP, SC, and TEMP 
were recorded. Raw data was stored on the researcher’s laptop computer and backed-up 
to the cloud. Artifacts in the physiological raw data were manually removed through 
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screening with the Biograph Infiniti software. From this clean data, relevant statistics, 
and results reports were generated. 
For the 5-minute neutral baseline, session statistics for each meeting of each 
participant were exported from the biofeedback software to a spreadsheet. In particular, 
the following measures were retained: average heart rate, average high frequency total 
power, SDRR, average respiration rate, average skin conductance, and average skin 
temperature. 
For the stress profile assessment, the Biograph Infiniti software generated a report 
that provides information about various physiological measures, including skin 
conductance, skin temperature, heart rate, respiration rate, and heart rate variability (HR 
Max - HR Min, and Spectral Rhythms % of Total Power). Values are provided for each 
of the periods within the stress assessment (baseline, stressor, recovery). The relevant 
values were then transcribed to a spreadsheet for data analysis. 
3.5.5.2 Psychological. The CSAI-2 and MAAS served as assessments for 
psychological data collection. These tests were administered as a pen-&-paper survey. As 
soon as possible after data collection the paper documents were scanned, and the 
electronic files were then stored on the researcher’s laptop computer, and backed-up to 
the cloud. Data was transcribed and consolidated to a spreadsheet before further analysis. 
3.5.5.3 Sport performance. Changes in sport performance due to the intervention 
were measured with the LSPT. The LSPT was administered by the researcher who 
measured the time taken for each round using the timer on a mobile phone. This 
measurement was recorded on a data sheet for each participant, for each round they 
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performed. Additionally, each official round of the LSPT was video recorded. As soon as 
possible after each LSPT session, a copy of the video file was transferred to the 
researcher’s laptop computer, and also backed-up to the cloud. The round time data was 
entered into a spreadsheet. 
Analysis of the LSPT performance was accomplished through viewing the video 
recordings of the sport performance task. The researcher watched the videos and noted 
any penalties as per the LSPT procedures (Ali et al., 2008; Ali et al., 2007). Penalties 
were recorded, and values were entered and consolidated into a spreadsheet. 
3.5.5.4 Meditation journals. During phase two of the intervention training the 
participants were requested to meditate daily and to record their practice in a journal. At 
each weekly meeting, the researcher collected the journal and, using the camera on his 
mobile phone took a picture of the entries. This way the data could easily be collected 
and recorded, while allowing the participant to retain the journal for future use. 
Picture files of the journals were labeled and stored on the researcher’s laptop 
computer, while also being backed-up to the cloud. Upon completion of data collection, 
the pictures of the meditation journal entries were analyzed, recording data such as 
number and duration of meditation practice per participant. These data were entered into 
a spreadsheet. 
3.6 Data Analysis 
 A wealth of data across a range of variables was collected during the 
implementation of this study. Measurements of physiological, psychological, and sport 
performance outcomes were obtained for four subjects across baseline, and two 
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intervention phases. Relevant data related to specific variables was extracted and 
analyzed. 
 3.6.1 Measures. The 5-minute neutral baseline provided physiological data 
related to HR, RESP, SC, and TEMP. Mean HR, RESP, SC, and TEMP was calculated 
for the five-minute period. Additionally, in order to examine overall HRV, SDNN was 
determined, and the natural log of the total power of high frequency was calculated. Each 
of these values was recorded for each of the participant meetings over the course of the 
study. 
 Although heart rate variability is not as meaningful during the stress profile 
assessment, changes in average values of HR, RESP, SC, and TEMP were analyzed 
across baseline, stressor, and recovery periods. These changes were evaluated over the 
course of the study period. 
 Psychological measures provided information in the form of scores on the CSAI-
2, and the MAAS. A single score for the MAAS was recorded at each participant 
meeting. The CSAI-2 provides three subscale scores, including cognitive anxiety, 
somatic anxiety, and self-confidence. Each of these were measured across time during the 
study. 
 The LSPT produced sport performance measures across the span of the study. As 
is typical with reporting results, three variables were recorded (Ali et al., 2008; Ali et al., 
2007). These included time only, the time from the calling out of the first target to the last 
target hit, penalty time, the time values given and summed for any penalties that were 
accrued during the round, and total time, the final score comprised of the addition of the 
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time only value and the penalty time value. 
 3.6.2 Evaluation. Visual inspection is the primary and commonly used method 
for evaluation of data within single subject design research (Kazdin, 2016). For the 
current study, in order to evaluate any changes that occurred in the variables over time 
the data was first graphically plotted. Data was entered into a simple line graph, with 
points connected within each phase of the study. This allowed for a description of 
patterns within each phase, and across phases. 
 When performing visual inspection of single subject data there are specific 
characteristics that are typically used. These criteria include (a) whether baseline 
performance was stable or in a direction opposite that predicted by an intervention effect, 
(b) the number of times an effect was replicated across subjects, (c) the number of 
overlapping data points between the baseline and intervention phases, (d) the delay 
between the introduction of the intervention and the effect, and (e) the size of the effect 
compared with baseline (Martin & Pear, 2003.). Guided by these criteria, evaluations of 
the graphed data were made examining changes in means across phases. 
 Although visual inspection has been used widely in single subject design research, 
there are credible concerns that do arise with this type of analysis. First, determining 
reliably that meaningful change occurred requires the integration of many factors. 
Second, visual inspection relies on a subjective human judge that may be indirectly 
influenced in a variety of ways. Finally, analyzing data through visual inspection may 
produce difficulties in detecting small effects (Kazdin, 2016). Given the potential 
detriments, in addition to visual inspection statistical analysis of the data was performed. 
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 3.6.3 Statistical test. The two-standard deviation method was used to determine if 
there was a significant degree of change from the baseline to the intervention period 
(Satake, Jagaroo, & Maxwell, 2008; Kao, Huang, & Hung, 2014). Using this procedure, 
first the mean and standard deviation were calculated for the baseline data for each 
participant. Then, two standard deviation confidence intervals were created around the 
mean of the baseline. These confidence intervals were drawn on the graph and extended 
from the baseline phase into the intervention phase. 
Examination of the intervention data and its relation to the two standard deviation 
confidence interval lines determined statistical significance. If at least two consecutive 
data points in the intervention phase occur outside the two standard deviation confidence 
intervals, the degree of change was considered significant. That is, for that participant, on 
that outcome measure the intervention had a statistically significant impact (Satake et al., 
2008; Kao et al., 2014). 
Further, effect size was determined in order to offer a standard measure of 
outcomes and offer practical insight into the magnitude of any changes occurring due to 
the intervention. The standardized effect size (Cohen’s d) was calculated for the 
difference in the mean score post intervention vs the mean score during baseline by 
subtracting the mean scores and dividing by the baseline standard deviation. The effect 
size measured the magnitude of impact the intervention had on the dependent variables. 
Effect sizes of 0.2, 0.5, and 0.8 were considered small, moderate, and large, respectively 
(Murphy, Myors, & Wolach, 2014). 
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3.6.4 Journals. The information gathered from the participants’ meditation 
journals was analyzed descriptively. The number of days in which meditation took place, 
and the duration of each practice was compiled. 
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Chapter 4 
Results 
4.0 Introduction 
This chapter will present the findings of the current research study, and will 
address the results in three main sections: physiological data, psychological data; sport 
performance data. Additionally, the data collected from the meditation logs will be 
briefly reviewed, and finally an overall summary of all data given.  First, a review of the 
data analysis procedures is provided, as well as an explanation of how to approach the 
results in this chapter. 
4.0.1 Data analysis. The single-subject research paradigm makes it possible to 
draw conclusions from the changes in performance of a single participant. However, to 
add to the validity of the findings, multiple subjects (n = 4) were evaluated in the current 
study. The intervention was introduced to each subject at a different point in time, 
staggering the initiation of the training so as to be able to more precisely determine that 
changes in outcome variables were caused by the intervention and not some extraneous 
factor. 
The power and precision of a single-subject research design derives from the 
repeated measures of the dependent variables over time; through baseline, and 
intervention phases. This allows for data to track individual performance. The current 
study collected at least three days of baseline data for all four subjects, meeting or 
exceeding the typically recommended minimum of three days of baseline (Herson & 
Barlow, 1976). Intervention phase data points varied based on the availability and ability 
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to schedule meetings for each participant. In all cases a minimum of three, and in most 
cases several data points were collected during the intervention phase. 
Data analysis was carried out with both visual inspection, and statistical analysis 
using the two standard deviation method. Implementing the two standard deviation 
method, first the mean and standard deviation of the baseline data were calculated. Next, 
all data points were graphed and confidence intervals of two standard deviations were 
drawn around the baseline mean and extended into the intervention phase. A statistically 
significant change from baseline was determined if two consecutive data points in the 
intervention phase exceeded either of the two standard deviation confidence intervals 
(Kao, Huang, & Hung, 2014; Satake, Jagaroo, & Maxwell, 2008). Additionally, effect 
size was calculated to provide a standardized, practical measure of changes that occurred 
due to the intervention. Effect sizes of 0.2, 0.5, and 0.8 were considered small, moderate, 
and large, respectively (Murphy, Myors, & Wolach, 2014). 
The following sections present the results and are initially divided into data type 
(physiological, psychological, and performance), and further into each specific dependent 
variable. For each section (each dependent variable), a table is provided which 
summarizes the baseline mean and standard deviation, as well as the intervention mean, 
and effect size for each participant. Additionally, statistical significance, as determined 
by the two standard deviation method is indicated. 
As is typical with the presentation of results in single-subject research, a graphical 
representation of the data is presented in each section. For each participant a graph of the 
dependent variable over time is shown. In addition to the data points, lines representing 
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the baseline mean, two standard deviation limits, and intervention mean are graphed. The 
graphs were used to see trends in the measures for each variable and to determine 
significance with the two standard deviation confidence intervals. Furthermore, the 
standard stacked format is used in order to make comparisons across participants easier. 
4.1 Physiological 
 4.1.1 Heart rate. Heart rate (HR) was measured with photoplethysmography at 
each meeting through baseline, intervention phase one, and intervention phase two. 
Typical average HR values for teenage females are about 85 beats/minute (bpm), with a 
normal low being 50 bpm. (Salameh et al., 2008). A desirable change, as brought about 
by the intervention would have been a lowering of HR. Table 10 shows a summary of HR 
values for all participants. Mean HR (bpm) for baseline and intervention phases are 
included, as well as the standard deviation of the baseline. Effect size is shown, and if a 
significant change from baseline occurred, as measured with the two standard deviation 
method, it is indicated. 
Table 10 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of Heart 
Rate 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 80.9 2.914 82.426 0.51 Yes 
2 91.2 4.828 92.546 0.27 No 
3 65.6 4.806 77.076 2.39 Yes 
4 88.0 4.387 84.182 -0.88 No 
 
Mean HR (bpm) for each participant is graphed in Figure 2. Participant 1’s HR 
averaged 80.9 bpm (SD = 2.9) for the baseline sessions, and 82.4 bpm for the 
intervention phase. As this participant moved into the intervention phase an increasing 
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trend in HR was observed. However, the last three data points show a decreasing trend in 
HR, with the last two contributing to a statistically significant change. A moderate effect 
size (0.51) was seen, and after some initial variability the data trends in the negative 
direction. 
Participant 2’s HR averaged 91.2 bpm (SD = 4.8) for the baseline sessions, and 
92.5 bpm for the intervention phase. Although there was some fluctuation above and 
below the mean HR, all values remained within the two standard deviation confidence 
intervals for Participant 2. A small effect size (0.27) was seen. There were no significant 
changes observed. 
Participant 3’s HR averaged 65.6 bpm (SD = 4.8) for the baseline sessions, and 
77.1 bpm for the intervention phase. After five baseline sessions there was a slight 
downward trend in HR. Additionally, Participant 3’s mean baseline HR was very much 
lower than the other three participants, but still above a normal minimum. During the 
intervention, mean HR significantly increased, with multiple data points, and the 
intervention mean lying above the upper two standard deviation confidence interval. A 
large effect size (2.39) was calculated. 
Participant 4’s HR averaged 88.0 bpm (SD = 4.4) for the baseline sessions, and 
84.2 bpm for the intervention phase. Similar to Participant 2, although there was some 
fluctuation above and below the mean HR, most values remained within the two standard 
deviation confidence intervals. Three non-consecutive data points fell below the lower 
limit. A large effect size (-0.88) was seen, however, there were no significant changes 
observed. 
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Study Day 
Figure 2. Heart rate (HR). Average HR in beats/minute taken during the 5-minute neutral 
baseline. X-axis represents study day, with the vertical solid line indicating the transition from 
baseline to intervention phase. Thick, horizontal lines represent the mean for baseline and 
intervention phases. Two dotted horizontal lines are the upper and lower two standard deviation 
confidence intervals. 
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4.1.2 SDNN. The standard deviation of the normal-to-normal (NN) intervals 
(SDNN) of the HR was calculated by taking the square root of the variance. The 
Biograph Infiniti software produced this calculated value. SDNN served as a measure of 
heart rate variability (HRV) in this study. The SDNN represents all the cyclic 
components of the HR responsible for the variability in the signal (Task Force of The 
European Society of Cardiology, 1996). SDNN was calculated for each meeting through 
baseline, intervention phase one, and intervention phase two. HRV and thus SDNN 
values can vary widely with characteristics such as age, gender, and health and fitness. 
For example, athletes typically have higher SDNN values. Generally, SDNN values 
above 50 ms are considered in the healthy range (Khazan, 2013). Normative data 
compiled through review of studies examining a large number of participants across a 
large age range found SDNN to range from 32 ms to 93 ms in healthy individuals 
(Shaffer & Ginsberg, 2017). Table 11 shows a summary of SDNN values for all 
participants. Mean SDNN in milliseconds for baseline and intervention phases are 
included, as well as the standard deviation of the baseline. Effect size is shown, and if a 
significant change from baseline occurred, as measured with the two standard deviation 
method, it is indicated. 
SDNN for each participant is graphed in Figure 3. Participant 1’s SDNN averaged 
58.0 ms (SD = 6.8) for the baseline sessions, and 64.3 ms for the intervention phase. 
During baseline measures, and early into the intervention phase there was a decreasing 
trend. Following the third intervention session, an increasing trend in SDNN was 
observed for Participant 1. The data were variable through this range, and four total data 
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points crossed the upper two standard deviation confidence interval. Two of these points 
were continuous and conferred statistical significance on this result. A large effect size 
(0.92) was observed. 
Table 11 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of 
SDNN 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 58.0 6.779 64.269 0.92 Yes 
2 92.1 70.638 94.864 0.04 No 
3 104.5 31.980 120.548 0.50 No 
4 51.9 6.264 57.187 0.84 No 
 
Participant 2’s SDNN averaged 92.1 ms (SD = 70.6) for the baseline sessions, and 
94.9 ms for the intervention phase. Although there was large variability in the baseline 
data, there was only moderate fluctuation above and below the mean SDNN during the 
intervention phase. All values remained within the two standard deviation confidence 
intervals for Participant 2, resulting in no significant changes observed. A very small 
effect size (0.04) was seen. 
Participant 3’s SDNN averaged 104.5 ms (SD = 32.0) for the baseline sessions, 
and 120.5 ms for the intervention phase. Similar to Participant 2, there was a large 
variability in values during the baseline phase. Additionally, this variability remained into 
the intervention phase. A slight increasing trend of SDNN for Participant 3 may be seen 
in the intervention phase with three non-consecutive points falling above the upper two 
standard deviation confidence interval. This was accompanied by a moderate effect size 
(0.50).  
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Study Day 
Figure 3. SDNN. Standard deviation of beat-to-beat intervals taken during the 5-minute neutral 
baseline. X-axis represents study day, with the vertical solid line indicating the transition from 
baseline to intervention phase. Thick, horizontal lines represent the mean for baseline and 
intervention phases. Two dotted horizontal lines are the upper and lower two standard deviation 
confidence intervals. 
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Participant 4’s SDNN averaged 51.9 ms (SD = 6.3) for the baseline sessions, and 
57.2 ms for the intervention phase. Participant 4 also showed large variability of the data 
during the intervention phase, following a more stable baseline phase. A slight increasing 
trend of SDNN for Participant 4 may be seen in the intervention phase with two non-
consecutive points falling above the upper two standard deviation confidence interval. A 
large effect size (0.84) was observed. 
 4.1.3 ln HF Power. The natural log (ln) of the high frequency (HF) power of the 
HR was calculated by taking the natural log of the HF Power value provided by the 
Biograph Infiniti software. The HF band of the HR data falls within the 0.15-0.4 Hz 
frequency range, and represents parasympathetic nervous system activity (vagal tone) 
(Shaffer, McCraty, & Zerr, 2014). ln HF Power was calculated for each meeting through 
baseline, intervention phase one, and intervention phase two. Similar to SDNN, ln HF 
Power can vary widely across specific individuals. Generally, normative data suggests 
values ranging from approximately 4 ms2 to approximately 8 ms2 (Shaffer & Ginsberg, 
2017). Table 12 shows a summary of ln HF Power values for all participants. Mean HF 
Power in (milliseconds)2 for baseline and intervention phases are included, as well as the 
standard deviation of the baseline. Effect size is shown, and if a significant change from 
baseline occurred, as measured with the two standard deviation method, it is indicated. 
ln HF Power for each participant is graphed in Figure 4. 
 Participant 1’s ln HF Power averaged 4.7 ms2 (SD = 0.4) for the baseline sessions, 
and 4.5 ms2 for the intervention phase. Variability was observed through the baseline and 
early intervention phase. A slight trend of decreased ln HF Power may be seen during this 
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time. However, the last three measurements show a trend towards increasing ln HF 
Power, with the final data point exceeding the upper two standard deviation confidence 
interval. A moderate effect size (-0.46) was observed. 
Table 12 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of ln HF 
Power 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 4.7 0.412 4.504 -0.46 No 
2 5.7 1.727 5.733 0.04 No 
3 6.2 0.647 6.206 -0.04 No 
4 4.8 0.371 4.890 0.21 No 
 
Participant 2’s ln HF Power averaged 5.7 ms2 (SD = 1.7) for the baseline sessions, 
and 5.7 ms2 for the intervention phase. Although there was large variability in the 
baseline data, there was only moderate fluctuation around the mean ln HF Power during 
the intervention phase. All values remained within the two standard deviation confidence 
intervals for Participant 2, resulting in no significant change observed. A very small 
effect size (0.04) was seen. 
 Participant 3’s ln HF Power averaged 6.2 ms2 (SD = 0.6) for the baseline sessions, 
and 6.2 ms2 for the intervention phase. There was a large variability of values during the 
baseline phase and intervention phase, with points occurring both above (3) and below 
(3) the two standard deviation confidence intervals. The points above the upper limit 
were not consecutive, and although two consecutive points fell below the lower limit, 
they were immediately followed by a point above the upper limit. Therefore, no clear 
trend was observed resulting in a very small effect size (-0.04) and no significant change   
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Study Day 
Figure 4. ln HF Power. Natural log of the high frequency total power HRV taken during the 5-
minute neutral baseline. X-axis represents study day, with the vertical solid line indicating the 
transition from baseline to intervention phase. Thick, horizontal lines represent the mean for 
baseline and intervention phases. Two dotted horizontal lines are the upper and lower two 
standard deviation confidence intervals. 
 
112 
 
 
from baseline. 
Participant 4’s ln HF Power averaged 4.8 ms2 (SD = 0.4) for the baseline sessions, 
and 4.9 ms2 for the intervention phase. After an initial decreasing trend through baseline 
and leading intervention phase values, a slight increasing trend was observed. This was 
driven by values returning towards the mean and two non-consecutive points occurring 
above the upper two standard deviation confidence interval. A small effect size (0.21) 
was observed. 
 4.1.4 Respiration rate. Respiration rate (RESP) was measured with an abdominal 
belt with built-in strain gauge at each meeting through baseline, intervention phase one, 
and intervention phase two. RESP varies across such factors as age, gender, and fitness. 
For 14-16 year olds, RESP has been found to range from approximately 12 
breaths/minute to 22 breaths/minute, with a median of approximately 18 breaths/minutes 
(Fleming et al., 2011), More generally, respirations rates of less than 12 respirations per 
minutes can be thought of as normal (Khazan, 2013). Table 13 shows a summary of 
RESP values for all participants. Mean RESP in respirations/minute (rpm) for baseline 
and intervention phases are included, as well as the standard deviation of the baseline. 
Effect size is shown, and if a significant change from baseline occurred, as measured with 
the two standard deviation method, it is indicated. 
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Table 13 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of 
Respiration Rate 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 13.2 1.310 13.975 0.61 No 
2 14.7 0.584 12.905 -3.06 Yes 
3 16.5 0.690 15.813 -1.06 Yes 
4 16.7 0.231 16.863 0.69 Yes 
 
Mean RESP (rpm) for each participant is graphed in Figure 5. Participant 1’s 
RESP averaged 13.2 rpm (SD = 1.3) for the baseline sessions, and 14.0 rpm for the 
intervention phase. As this participant moved into the intervention phase an increasing 
trend in RESP was observed, which then moved lower toward the end of the intervention. 
Only a single data point fell outside the two standard deviation confidence interval. A 
moderate effect size (0.61) was seen. 
Participant 2’s RESP averaged 14.7 rpm (SD = 0.58) for the baseline sessions, 
and 12.9 rpm for the intervention phase. Although the baseline data points clustered 
closely around the average RESP, during the intervention values were very variable. 
There was an overall lowering of RESP rate driven mostly by three non-consecutive 
points below the lower limit of the two standard deviation confidence interval. However, 
the last two measures showed a dramatic reversal of this trend. A very large effect size (-
3.06) was seen. 
Participant 3’s RESP averaged 16.5 rpm (SD = 0.69) for the baseline sessions, 
and 15.8 rpm for the intervention phase. The five points of baseline data showed an 
increasing trend. This trend was reversed in the early intervention period, with a 
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Study Day 
Figure 5. Respiration rate (RESP). Breathing rate in breaths/minute taken during the 5-minute 
neutral baseline. X-axis represents study day, with the vertical solid line indicating the transition 
from baseline to intervention phase. Thick, horizontal lines represent the mean for baseline and 
intervention phases. Two dotted horizontal lines are the upper and lower two standard deviation 
confidence intervals. 
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normalizing return toward the mean during the latter part of the intervention. Three 
consecutive data points did occur below the lower limit of the two standard deviation 
confidence interval, however, this effect was not maintained. A large effect size (-1.06) 
was seen. 
Participant 4’s RESP averaged 16.7 rpm (SD = 0.23) for the baseline sessions, 
and 16.9 rpm for the intervention phase. The first intervention data point was 
significantly lower than the baseline values. However, following this initial drop, an 
increasing trend, anchored by three non-consecutive data points above the upper limit of 
the two standard deviation confidence interval was observed. Statistical significance was 
conferred with the last two points exceeding the upper limit. A moderate effect size 
(0.69) was observed. 
 4.1.5 Skin conductance. Skin conductance (SC) was measured through galvanic 
skin response at each meeting through baseline, intervention phase one, and intervention 
phase two. Individual sweat patterns vary widely, and so it is difficult to ascribe norms to 
SC. It is best to evaluate SC through relative change (Khazan, 2013). Table 14 shows a 
summary of SC values for all participants. Mean SC in microsiemens (µS) for baseline 
and intervention phases are included, as well as the standard deviation of the baseline. 
Effect size is shown, and if a significant change from baseline occurred, as measured with 
the two standard deviation method, it is indicated. 
Mean SC (µS) for each participant is graphed in Figure 6. Participant 1’s SC 
averaged 6.7 µS (SD = 1.6) for the baseline sessions, and 3.9 µS for the intervention 
phase. A clear trend is seen from baseline through intervention phase with lower values 
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of skin conductance occurring. This is punctuated with four non-consecutive data points 
below the two standard deviation confidence interval. A large effect size (-1.75) was 
seen. 
Table 14 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of Skin 
Conductance 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 6.7 1.582 3.947 -1.75 No 
2 8.3 3.277 6.348 -0.59 No 
3 1.4 0.592 0.884 -0.93 No 
4 4.2 2.257 2.473 -0.78 No 
 
 Participant 2’s SC averaged 8.3 µS (SD = 3.3) for the baseline sessions, and 6.3 
µS for the intervention phase. Although the baseline was trending in the negative 
direction, an increase was seen in the first intervention measure. Following this, an 
overall slight downward trend was observed through the intervention phase. No data 
points fell outside the two standard deviation confidence intervals. A moderate effect size 
(-0.59) was observed. 
 Participant 3’s SC averaged 1.4 µS (SD = 0.6) for the baseline sessions, and 0.9 
µS for the intervention phase. A trend of decreasing SC values was seen for Participant 3 
from baseline through intervention phases. Toward the end of the intervention a 
stabilization around the mean was seen, with no data points exceeding the two standard 
deviation confidence intervals. A large effect size (-0.93) was observed. 
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Study Day 
Figure 6. Skin conductance (SC). Skin conductance in microsiemens taken during the 5-minute 
neutral baseline. X-axis represents study day, with the vertical solid line indicating the transition 
from baseline to intervention phase. Thick, horizontal lines represent the mean for baseline and 
intervention phases. Two dotted horizontal lines are the upper and lower two standard deviation 
confidence intervals. 
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Participant 4’s SC averaged 4.2 µS (SD = 2.3) for the baseline sessions, and 2.5 
µS for the intervention phase. Although the baseline data was variable, and trending 
negatively, the intervention demonstrated a decreased SC. This large decrease, however, 
was not significant, as no data points fell outside the two standard deviation confidence 
intervals. A large effect size (-0.78) was observed. 
 4.1.6 Skin temperature. Skin temperature (TEMP) was measured with a 
thermistor at each meeting through baseline, intervention phase one, and intervention 
phase two. Typical TEMP values are generally greater than 31°C (Khazan, 2013). Table 
15 shows a summary of TEMP values for all participants. Mean TEMP in degrees 
Celsius (oC) for baseline and intervention phases are included, as well as the standard 
deviation of the baseline. Effect size is shown, and if a significant change from baseline 
occurred, as measured with the two standard deviation method, it is indicated. 
Table 15 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of Skin 
Temperature 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 27.4 3.937 25.563 -0.45 No 
2 30.0 2.014 28.044 -0.97 No 
3 29.6 0.762 27.704 -2.54 Yes 
4 28.2 0.392 27.417 -2.07 Yes 
 
Mean TEMP (oC) for each participant is graphed in Figure 7. Participant 1’s 
TEMP averaged 27.4 oC (SD = 3.9) for the baseline sessions, and 25.6 oC for the 
intervention phase. A trend is seen from baseline through intervention phase with lower 
values of TEMP measured during the intervention phase. The TEMP values closely   
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Study Day 
Figure 7. Skin temperature (TEMP). Skin temperature in degrees Celsius taken during the 5-
minute neutral baseline. X-axis represents study day, with the vertical solid line indicating the 
transition from baseline to intervention phase. Thick, horizontal lines represent the mean for 
baseline and intervention phases. Two dotted horizontal lines are the upper and lower two 
standard deviation confidence intervals. 
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cluster around the intervention mean, with no data points falling outside the two standard 
deviation confidence interval. A moderate effect size (-0.45) was seen. 
Participant 2’s TEMP averaged 30.0 oC (SD = 2.0) for the baseline sessions, and 
28.0 oC for the intervention phase. Similar to Participant 1, a trend is seen from baseline 
through intervention phase with lower values of TEMP measured during the intervention 
phase. Although the final TEMP values approach the lower limit, no data points fall 
outside the two standard deviation confidence interval. A large effect size (-0.97) was 
seen. 
Participant 3’s TEMP averaged 29.6 oC (SD = 0.8) for the baseline sessions, and 
27.7 oC for the intervention phase. During baseline a slight upward trend was observed 
which shifted during the intervention phase. A strong decreasing trend in TEMP was 
observed with several data points, and the mean falling below the lower limit of the two 
standard deviation confidence interval. A very large effect size (-2.54) was seen for 
Participant 3. 
Participant 4’s TEMP averaged 28.2 oC (SD = 0.4) for the baseline sessions, and 
27.4 oC for the intervention phase. During the initial period of the intervention the data 
was variable with data points falling both above and below the two standard deviation 
confidence intervals. However, the last four data points demonstrate a clear significant 
decreasing trend. A very large effect size (-2.07) was observed. 
4.1.7 Stress profile assessment. Participants’ physiological reaction to, and 
recovery from a variety of stressors was assessed with the physiological stress profile. 
Measures from the first day of the study were compared to outcomes on the final day of 
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the study for each participant. Values for physiological measures of HR, RESP, SC, and 
TEMP for all four participants at study day one, and at the last day of the study will be 
discussed in sequence below. For additional detail see Appendix K which contains charts 
that depict these results graphically. 
HR data is shown in Table 16 for all four participants. Baseline values decreased 
for all participants, except Participant 3 whose HR increased from Day 1 to Day 81. 
Generally, all participants exhibited expected behavior, with increases in HR 
corresponding to stressor introduction, and decreases in HR occurring post-stressor, 
during each recovery period. A notable exception can be seen in Participant 2 on Day 80 
in which the opposite trend is seen. 
Table 16 
Heart Rate During Stress Assessment for Study Day 1 and Last Study Day for All Participants 
 Heart Rate (beats/min.) 
 Participant 1 Participant 2 Participant 3 Participant 4 
Stage Day 1 Day 80 Day 1 Day 80 Day 1 Day 81 Day 1 Day 77 
Baseline 76.7 71.5 101.3 89.9 68.9 76.1 86.8 77.8 
Stroop 80.2 75.1 103.4 87.0 78.0 88.6 97.2 84.7 
Recovery 77.7 71.7 90.5 91.6 71.7 83.0 80.8 76.6 
Math 76.5 76.1 94.3 87.2 76.7 84.2 86.9 79.1 
Recovery 79.5 72.3 90.5 91.4 71.2 79.6 80.9 80.1 
Stressful Recall 81.2 74.5 98.1 87.4 83.1 90.9 93.8 75.9 
Recovery 70.0 72.1 86.5 89.0 69.7 78.5 81.3 68.3 
  
RESP data is shown in Table 17 for all participants. Baseline values increased for 
all participants, except Participant 2 whose RESP decreased from Day 1 to Day 80. 
Generally, the data was variable across all participants with no clear trends related to 
stressor or recovery stages. Additionally, changes from the first day of the study to the 
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Table 17 
Respiration Rate During Stress Assessment for Study Day 1 and Last Study Day for All 
Participants 
 Respiration Rate (respirations/min.) 
 Participant 1 Participant 2 Participant 3 Participant 4 
Stage Day 1 Day 80 Day 1 Day 80 Day 1 Day 81 Day 1 Day 77 
Baseline 10.5 13.6 16.8 14.4 16.3 18.5 16.2 17.5 
Stroop 12.7 11.4 13.9 13.1 12.4 11.4 13.0 13.3 
Recovery 11.2 12.3 15.3 14.9 14.7 16.3 15.8 15.7 
Math 12.4 14.2 12.7 14.9 14.1 17.0 16.8 16.6 
Recovery 9.9 12.4 13.0 14.8 14.3 16.8 15.9 16.9 
Stressful Recall 12.7 12.8 12.8 12.5 11.4 12.9 12.8 13.2 
Recovery 9.4 13.5 15.4 14.5 13.7 17.8 15.0 16.7 
 
last data collection point were inconsistent with expected results, for all participants. 
SC data is shown in Table 18 for all participants. All participants exhibited 
decreases in baseline SC from Day 1 to the last day of the study. Across all participants 
the expected general trend of increased SC response to stressors, and decreased SC 
during the recovery periods was observed. A notable exception was Participant 4 on Day 
when an increasing trend was shown across all stages of the stress assessment. 
TEMP data is shown in Table 19 for all participants. The changes in baseline 
TEMP values from Day 1 to the last day of the study were variable for all participants, 
with both increases and decreases being observed. Similarly, no consistent, or expected 
trends in the individual TEMP results were seen across participants. 
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Table 18 
Skin Conductance During Stress Assessment for Study Day 1 and Last Study Day for All 
Participants 
 Skin Conductance (µSiemens) 
 Participant 1 Participant 2 Participant 3 Participant 4 
Stage Day 1 Day 80 Day 1 Day 80 Day 1 Day 81 Day 1 Day 77 
Baseline 9.5 7.6 14.6 6.6 4.2 0.9 8.1 2.1 
Stroop 10.8 9.2 16.2 9.1 5.8 1.4 10.1 2.5 
Recovery 10.0 9.4 15.1 9.1 5.5 1.4 9.0 2.6 
Math 10.9 11.0 17.5 10.9 6.5 1.5 10.3 3.0 
Recovery 11.0 10.7 16.2 10.2 6.3 1.5 9.6 3.1 
Recall 11.9 12.3 17.9 11.9 7.2 1.6 11.5 3.5 
Recovery 11.1 11.7 15.8 11.7 6.7 1.6 9.6 3.8 
 
Table 19 
Skin Temperature During Stress Assessment for Study Day 1 and Last Study Day for All 
Participants 
 Skin Temperature (⁰C) 
 Participant 1 Participant 2 Participant 3 Participant 4 
Stage Day 1 Day 80 Day 1 Day 80 Day 1 Day 81 Day 1 Day 77 
Baseline 27.4 28.8 31.6 28.9 28.1 28.3 28.9 25.2 
Stroop 27.4 28.9 30.8 29.3 28.2 28.5 29.1 25.0 
Recovery 27.1 29.2 30.7 29.1 28.4 28.3 28.7 24.5 
Math 26.9 29.5 30.8 29.0 28.5 28.1 28.6 24.2 
Recovery 26.7 29.7 30.5 29.0 28.4 27.7 28.6 24.3 
Stressful Recall 26.9 29.6 30.1 29.2 28.2 27.6 28.4 24.3 
Recovery 26.9 29.6 29.9 29.4 28.4 27.3 28.4 24.1 
 
4.2 Psychological 
 4.2.1 CSAI-2. Aspects of competitive state anxiety were measured with the 
Competitive State Anxiety Inventory (CSAI-2). This scale divides anxiety into three 
components: cognitive anxiety, somatic anxiety, and self-confidence, with self-
confidence behaving in the opposite direction as cognitive anxiety. Each subscale was 
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scored on a range from nine to 36, with nine indicating low anxiety (confidence), and 36 
indicating high anxiety (confidence) (Martens, Vealey, &, Burton, 1990). 
Table 20 shows a summary of scores of cognitive anxiety from the CSAI-2 for all 
participants. Scores for baseline and intervention phases are included, as well as the 
standard deviation of the baseline. Effect size is shown, and if a significant change from 
baseline occurred, as measured with the two standard deviation method, it is indicated. 
Table 20 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of the 
Cognitive Score from the CSAI-2 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 22.3 2.887 25.429 1.07 No 
2 9.3 0.577 9.333 0.00 No 
3 15.4 1.517 16.000 0.40 No 
4 31.3 1.527 28.200 -2.05 Yes 
 
Cognitive anxiety scores from the CSAI-2 for each participant are graphed in 
Figure 8. Participant 1’s cognitive score averaged 22.3 (SD = 2.9) for the baseline 
sessions, and 25.4 for the intervention phase. Baseline values, as well as initial 
intervention values tended to increase for Participant 1. However, towards the end of the 
intervention there was a slight return and stabilization of cognitive anxiety values. No 
values crossed the limits of the two standard deviation confidence intervals, suggesting a 
lack of statistically significant change from baseline. Visually, the data suggest an 
increase in cognitive anxiety, with a large effect size (1.07). 
Participant 2’s cognitive score averaged 9.3 (SD = 0.6) for the baseline sessions, 
and 9.3 for the intervention phase. For Participant 2 cognitive anxiety decreased after the  
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Study Day 
Figure 8. CSAI-2 Cognitive. Measure of cognitive anxiety with CSAI-2 subscale. X-axis 
represents study day, with the vertical solid line indicating the transition from baseline to 
intervention phase. Thick, horizontal lines represent the mean for baseline and intervention 
phases. Two dotted horizontal lines are the upper and lower two standard deviation confidence 
intervals. 
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first baseline measure, stabilized through the middle of the intervention and increased for 
the last measure. Mean cognitive anxiety did not change from baseline through 
intervention, resulting in no effect size (0.00). 
Participant 3’s cognitive score averaged 15.4 (SD = 1.5) for the baseline sessions, 
and 16.0 for the intervention phase. Baseline values dipped and then recovered, followed 
by an initial decrease during the intervention phase. An increasing trend was observed in  
the later part of the intervention phase, although no data points exceeded the limits of the 
two standard deviation confidence intervals. A moderate effect size (0.4) was observed. 
Participant 4’s cognitive score averaged 31.3 (SD = 1.5) for the baseline sessions, 
and 28.2 for the intervention phase. After a stable baseline and initial intervention values, 
a clear decrease in cognitive anxiety occurred for Participant 4. This change was 
significant, as the last three data points, as well as the intervention mean crossed below 
the lower limit of the two standard deviation confidence interval. This significant change 
was accompanied by a very large effect size (-2.05). 
Table 21 shows a summary of somatic anxiety scores from the CSAI-2 for all 
participants. Scores for baseline and intervention phases are included, as well as the 
standard deviation of the baseline. Effect size is shown, and if a significant change from 
baseline occurred, as measured with the two standard deviation method, it is indicated. 
Somatic anxiety scores from the CSAI-2 for each participant are graphed in Figure 9. 
Participant 1’s somatic score averaged 16.7 (SD = 1.5) for the baseline sessions, and 20.3 
for the intervention phase. Somatic anxiety for Participant 1 showed an increasing trend 
from baseline through the entire intervention phase. The last four intervention data points, 
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as well as the intervention mean crossed the upper limit of the two standard deviation 
confidence interval, suggesting a significant change from baseline. There was a very 
large effect size (2.37). 
Table 21 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of the 
Somatic Score from the CSAI-2 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 16.7 1.528 20.286 2.37 Yes 
2 11.3 1.155 11.667 0.29 No 
3 12.0 0.707 12.429 0.61 No 
4 20.7 1.155 23.400 2.37 Yes 
 
Participant 2’s somatic score averaged 11.3 (SD = 1.2) for the baseline sessions, 
and 11.7 for the intervention phase. During the baseline phase a decreasing trend was 
observed, followed by an increasing trend across the intervention phase. This change was 
not significant, as no values exceeded the limits of the two standard deviation confidence 
intervals. A small effect size (0.29) was observed. 
 Participant 3’s somatic score averaged 12.0 (SD = 0.7) for the baseline sessions, 
and 12.4 for the intervention phase. From baseline, a slight increasing trend was 
observed. However, only a single data point crossed the upper threshold of the two 
standard deviation confidence intervals. Given this, a moderate effect size (0.61) was 
observed. 
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Study Day 
Figure 9. CSAI-2 Somatic. Measure of somatic anxiety with CSAI-2 subscale. X-axis represents 
study day, with the vertical solid line indicating the transition from baseline to intervention phase. 
Thick, horizontal lines represent the mean for baseline and intervention phases. Two dotted 
horizontal lines are the upper and lower two standard deviation confidence intervals. 
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 Participant 4’s somatic score averaged 20.7 (SD = 1.2) for the baseline sessions, 
and 23.4 for the intervention phase. After a stable baseline, and initial intervention 
measures, the second to last intervention data point was very high. Although the last 
intervention value was at the upper limit of the two standard deviation confidence 
interval, this outlier skewed the intervention average, resulting in a very large effect size 
(2.37). 
Table 22 shows a summary of self-confidence scores from the CSAI-2 for all 
participants. Scores for baseline and intervention phases are included, as well as the 
standard deviation of the baseline. Effect size is shown, and if a significant change from 
baseline occurred, as measured with the two standard deviation method, it is indicated. 
Table 22 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of the 
Self-confidence Score from the CSAI-2 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 20.0 2.000 17.143 -1.43 No 
2 28.7 2.517 20.000 -3.44 Yes 
3 22.0 1.414 22.429 0.30 No 
4 13.0 1.732 12.200 -0.46 No 
 
Self-confidence scores from the CSAI-2 for each participant are graphed in Figure 
10. Participant 1’s self-confidence score averaged 20.0 (SD = 2.0) for the baseline 
sessions, and 17.1 for the intervention phase. Values for self-confidence showed a 
decreasing trend for Participant 1 from baseline through intervention phase. However, 
this change was not significant as only a single data point exceeded the lower limit of the 
two standard deviation confidence interval. The change was associated with a very large 
130 
 
 
effect size (-1.43). 
Participant 2’s self-confidence score averaged 28.7 (SD = 2.5) for the baseline 
sessions, and 20.0 for the intervention phase. As with Participant 1, values for self-
confidence tended to decrease from baseline through intervention phase. This change was 
statistically significant as the last two intervention values fell outside the lower limit of 
the two standard deviation confidence interval, and the previous data point was near this 
significance limit. Additionally, the change was associated with a very large effect size   
(-3.44). 
Participant 3’s self-confidence score averaged 22.0 (SD = 1.4) for the baseline 
sessions, and 22.4 for the intervention phase. Baseline values decreased and then 
recovered for Participant 3. Following this, intervention phase self-confidence scores 
remained relatively stable, with a slight increase in value. However, no data points 
crossed the two standard deviation confidence intervals, showing no significant change. 
A small effect size (0.3) was observed. 
 Participant 4’s self-confidence score averaged 13.0 (SD = 1.7) for the baseline 
sessions, and 12.2 for the intervention phase. Self-confidence increased initially, during 
baseline and then trended downward during the early part of the intervention. During the 
latter part of the intervention phase values trended to increasing self-confidence. No data 
points exceeded the limits of the two standard deviation confidence intervals. Thus, the 
small negative trend was not significant. A moderate effect size (-0.46) was observed. 
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Study Day 
Figure 10. CSAI-2 Self-confidence. Measure of self-confidence with CSAI-2 subscale. X-axis 
represents study day, with the vertical solid line indicating the transition from baseline to 
intervention phase. Thick, horizontal lines represent the mean for baseline and intervention 
phases. Two dotted horizontal lines are the upper and lower two standard deviation confidence 
intervals. 
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4.2.2 MAAS. Participant mindfulness was measured with the Mindful Attention 
Awareness Scale (MAAS). This scale assesses core characteristic of mindfulness, 
including a receptive state of mind in which attention and awareness are focused in the 
present moment. The MAAS includes 15 items and was scored by computing a mean of 
the all responses. Results can range from one to six, with higher scores reflecting higher 
levels of mindfulness (Brown & Ryan, 2003). Table 23 shows a summary of scores of 
mindfulness from the MAAS for all participants. Scores for baseline and intervention 
phases are included, as well as the standard deviation of the baseline. Effect size is 
shown, and if a significant change from baseline occurred, as measured with the two 
standard deviation method, it is indicated. 
Table 23 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of the 
MAAS Score 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 2.9 0.252 2.714 -0.87 No 
2 5.7 0.058 5.733 1.15 No 
3 5.6 0.305 5.629 -0.04 No 
4 3.2 0.153 2.800 -2.84 Yes 
 
 Mindfulness scores from the MAAS for each participant are graphed in Figure 11. 
Participant 1’s mindfulness score averaged 2.9 (SD = 0.3) for the baseline sessions, and 
2.7 for the intervention phase. Initially, baseline values trended downward, followed by a 
stabilization during the intervention phase. This change could not be considered 
significant, as no values exceeded the lower limit of the two standard deviation 
confidence interval, but the change was associated with a large effect size (-0.87).  
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Study Day 
Figure 11. MAAS. MAAS score as a measure of mindfulness. X-axis represents study day, with 
the vertical solid line indicating the transition from baseline to intervention phase. Thick, 
horizontal lines represent the mean for baseline and intervention phases. Two dotted horizontal 
lines are the upper and lower two standard deviation confidence intervals. 
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 Participant 2’s mindfulness score averaged 5.7 (SD = 0.1) for the baseline 
sessions, and 5.7 for the intervention phase. A clear trend of increasing mindfulness was 
observed from baseline through intervention phases. Only the last data point crossed the 
upper limit of the two standard deviation confidence interval, and so this change could 
not be considered statistically significant. However, the change was associated with a 
large effect size (1.15). 
Participant 3’s mindfulness score averaged 5.6 (SD = 0.3) for the baseline 
sessions, and 5.6 for the intervention phase. After the first baseline value, mindfulness 
scores increased for Participant 3. Then, values remained stable throughout the study. No 
data fell outside the two standard deviation confidence interval, and a very small effect 
size (-0.04) was observed. 
Participant 4’s mindfulness score averaged 3.2 (SD = 0.2) for the baseline 
sessions, and 2.8 for the intervention phase. A clear trend of decreasing mindfulness was 
observed from baseline through intervention phases. All intervention measures exceeded 
the lower limit of the two standard deviation confidence interval. The change in 
mindfulness from baseline was significant with a very large effect size (-2.84). 
4.3 Sport Performance 
 4.3.1 LSPT. Sport performance was measured with the Loughborough Soccer 
Passing Test (LSPT). The LSPT assessed competency in a number of soccer skills, 
including passing, dribbling, and ball control, as well as cognitive and perceptual aspects 
of the game. Scoring was achieved by recording the time taken in seconds (s)to complete 
the 16 passes, as well as any penalty time accrued. Penalty time is based on mistakes 
135 
 
 
made during the task. Finally, a total performance time was calculated by summing the 
time taken and the penalty time (Ali, 2011; Ali et al., 2007). 
 The LSPT scoring instructions assess a one second penalty for every second taken 
beyond 43 s (Ali et al., 2007). Given this, in a sample of non-elite female players from a 
club team (mean age 23.3 ± 8.3 years) average time taken was approximately 61 s, with 
penalty time approximately 36 s, resulting in an average performance time of 
approximately 97 s (Ali, Foskett, & Gant, 2008). 
Table 24 shows a summary of scores of time taken for the LSPT for all 
participants. Scores for baseline and intervention phases are included, as well as the 
standard deviation of the baseline. Effect size is shown, and if a significant change from 
baseline occurred, as measured with the two standard deviation method, it is indicated. 
Table 24 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of the 
Time Taken for the LSPT 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 51.2 6.508 49.075 -0.33 No 
2 55.1 3.104 52.763 -0.74 No 
3 54.1 1.998 50.480 -1.81 No 
4 50.8 2.601 50.683 -0.04 No 
 
Time taken for the LSPT for each participant are graphed in Figure 12. Participant 
1’s time taken averaged 51.2 s (SD = 6.5) for the baseline sessions, and 49.1 s for the 
intervention phase. Overall, a decreasing trend was observed in time taken for Participant 
1 from baseline through the intervention phase. No values crossed the limits of the two 
standard deviation confidence intervals, suggesting a lack of statistically significant 
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Study Day 
Figure 12. LSPT Time taken. Time taken in seconds on the LSPT. X-axis represents study day, 
with the vertical solid line indicating the transition from baseline to intervention phase. Thick, 
horizontal lines represent the mean for baseline and intervention phases. Two dotted horizontal 
lines are the upper and lower two standard deviation confidence intervals. 
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change from baseline. A small effect size (-0.33) was calculated. 
Participant 2’s time taken averaged 55.1 s (SD = 3.1) for the baseline sessions, 
and 52.8 s for the intervention phase. Similar to Participant 1, an overall decreasing trend 
was observed in time taken for Participant 2 from baseline through the intervention 
phase. No values crossed the limits of the two standard deviation confidence intervals, 
although the last data point approached this threshold. Although statistical significance 
was not met, a large effect size (-0.74) was achieved. 
 Participant 3’s time taken averaged 54.1 s (SD = 2.0) for the baseline sessions, 
and 50.5 s for the intervention phase. Similar to the previously discussed participants, 
Participant 3’s data indicate a clear decreasing trend from baseline through the 
intervention phase. Although only a single data point crossed the lower limit of the two 
standard deviation confidence interval, the final two values, as well as the intervention 
mean approached this threshold. A very large effect size (-1.81) was calculated. 
Participant 4’s time taken averaged 50.8 s (SD = 2.6) for the baseline sessions, 
and 50.7 s for the intervention phase. Time taken increased during the baseline phase, and 
after an initial decrease trended upwards during the intervention phase. This resulted in 
very little overall change from baseline mean to intervention mean, with no values 
exceeding the limits of the two standard deviation confidence intervals. Effect size (-
0.04) was very small. 
Table 25 shows a summary of scores of penalty time for the LSPT for all 
participants. Scores for baseline and intervention phases are included, as well as the 
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standard deviation of the baseline. Effect size is shown, and if a significant change from 
baseline occurred, as measured with the two standard deviation method, it is indicated. 
Table 25 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of the 
Penalty Time for the LSPT 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 22.3 10.104 19.625 -0.27 No 
2 36.8 2.566 35.167 -0.65 No 
3 19.7 2.021 15.167 -2.23 No 
4 12.8 1.155 9.750 -2.67 Yes 
 
Penalty times for the LSPT for each participant are graphed in Figure 13. 
Participant 1’s penalty time averaged 22.3 s (SD = 10.1) for the baseline sessions, and 
19.6 s for the intervention phase. Baseline penalty time scores for Participant 1 were 
highly variable. Except for a single data point, intervention values were more consistent, 
although none varied much from the mean, and none exceeded the limits of the two 
standard deviation confidence intervals. Effect size (-0.27) was small. 
Participant 2’s penalty time averaged 36.8 s (SD = 2.6) for the baseline sessions, 
and 35.2 s for the intervention phase. A slight decrease in penalty time was observed for 
Participant 2, which can be attributed mostly to a large decrease in score on the last 
intervention data point. This data point fell below the lower limit of the two standard 
deviation confidence interval, although no other values did. A moderate effect size (-
0.65) was calculated. 
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Study Day 
Figure 13. LSPT Penalty time. Penalty time in seconds on the LSPT. X-axis represents study day, 
with the vertical solid line indicating the transition from baseline to intervention phase. Thick, 
horizontal lines represent the mean for baseline and intervention phases. Two dotted horizontal 
lines are the upper and lower two standard deviation confidence intervals. 
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Participant 3’s penalty time averaged 19.7 s (SD = 2.0) for the baseline sessions, 
and 15.2 s for the intervention phase. After a clear trending in the downward direction 
following baseline measures, the final data point showed a large drop in penalty time for 
Participant 3. Only this point, as well as the intervention mean fell below the lower limit 
of the two standard deviation confidence interval. A very large effect size (-2.23) was 
calculated. 
Participant 4’s penalty time averaged 12.8 s (SD = 1.2) for the baseline sessions, 
and 9.8 s for the intervention phase. A clear trend of decreased penalty times was seen for 
Participant 4. Before a final increase two consecutive data points exceeded the lower 
limit of the two standard deviation confidence interval. Additionally, a very large effect 
size (-2.67) was observed. 
 Table 26 shows a summary of scores of performance time for the LSPT for all 
participants. Scores for baseline and intervention phases are included, as well as the 
standard deviation of the baseline. Effect size is shown, and if a significant change from 
baseline occurred, as measured with the two standard deviation method, it is indicated. 
Table 26 
Baseline Mean and Standard Deviation, Intervention Mean, Effect Size, and Significance of the 
Performance Time for the LSPT 
Participant 
Baseline 
Mean 
Baseline SD 
Intervention 
Mean 
Effect Size 
Significant 
Change 
1 73.5 16.513 68.700 -0.29 No 
2 91.9 1.179 87.930 -3.37 No 
3 73.8 3.976 65.647 -2.04 No 
4 63.6 2.820 60.433 -1.13 Yes 
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Performance times for the LSPT for each participant are graphed in Figure 14. 
Participant 1’s performance time averaged 73.5 s (SD = 16.5) for the baseline sessions, 
and 68.7 s for the intervention phase. Baseline performance time scores for Participant 1 
were highly variable. After stabilization through the intervention phase a slight decrease 
in values was observed. This occurred without any data points exceeding the limits of the 
two standard deviation confidence intervals. Effect size (-0.29) was small. 
 Participant 2’s performance time averaged 91.9 s (SD = 1.2) for the baseline 
sessions, and 87.9 s for the intervention phase. Except for the final performance time 
point, data clustered tightly around the baseline mean, including previous intervention 
points. This last intervention point exceeded the lower limit of the two standard deviation 
confidence intervals. This potential outlier drew the intervention mean beyond this 
threshold and contributed to a very large effect size (-3.37). 
Participant 3’s performance time averaged 73.8 s (SD = 4.0) for the baseline 
sessions, and 65.6 s for the intervention phase. A clear decreasing trend was observed in 
performance time from baseline through intervention phase for Participant 3. Two non-
consecutive data points, as well as the mean exceeded the lower limit of the two standard 
deviation confidence intervals. Statistical significance was not met, however, a very large 
effect size (-2.04) was observed. 
Participant 4’s performance time averaged 63.6 s (SD = 2.8) for the baseline 
sessions, and 60.4 s for the intervention phase. Although a slight rebound was observed 
with the last two data points, a trend of decreasing performance time was observed. The 
lower intervention performance time followed an increasing trend in the baseline phase.  
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Figure 14. LSPT Performance time. Performance time in seconds on the LSPT. X-axis represents 
study day, with the vertical solid line indicating the transition from baseline to intervention phase. 
Thick, horizontal lines represent the mean for baseline and intervention phases. Two dotted 
horizontal lines are the upper and lower two standard deviation confidence intervals. 
143 
 
 
Before this slight return, two consecutive data points fell past the lower limit of the two 
standard deviation confidence intervals. By this measure, statistical significance was met, 
as well as a large effect size (-1.13) calculated. 
4.4 Meditation Journals 
 During the intervention phase, participants were encouraged to practice daily 
meditation. These meditations were purposely designed to be flexible, so as to increase 
the adherence by the participants. Participants were encouraged to practice from five to 
fifteen minutes each day, but were told that it was more important to meditate for only a 
couple minutes than not at all. Guided meditations provided to the participants contained 
a variety of practices, in length, instructor, technique, and purpose (See Appendix J). 
However, emphasis was made on the meditations which focused on the breath, and body 
awareness. 
 Participants were provided with journals in which they were to record their at-
home meditation practice. They were asked to record the date, time, location, duration, 
and audio guide used (if any). All participants were variable and inconsistent in recording 
these attributes throughout the study. Although this data was not consistent, or rigorously 
examined, it does show a general level at which each participant was engaged with the 
suggested daily meditation practice. Table 27 outlines the number of meditations 
performed and the average duration of meditation for each week of the study for each 
participant. 
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Table 27 
Weekly At-home Meditation Practice for All Participants 
 Participant 1 Participant 2 Participant 3 Participant 4 
 Number 
of 
Practices 
Mean 
Duration 
Number 
of 
Practices 
Mean 
Duration 
Number 
of 
Practices 
Mean 
Duration 
Number 
of 
Practices 
Mean 
Duration 
 
Week 1 4 0:04:00 5 0:09:48 4 0:09:00 3 0:03:40 
Week 2 3 0:03:20 4 0:08:00 3 0:15:00 2 0:04:00 
Week 3 2 0:03:00 3 0:08:00 2 0:04:00 1 0:03:00 
Week 4 2 0:05:00 3 0:06:00 2 0:06:00 0 0:00:00 
Week 5 4 0:04:45 1 0:02:00 4 0:04:30 0 0:00:00 
Week 6 2 0:03:00 0 0:00:00 2 0:05:00 0 0:00:00 
Week 7 0 0:00:00 N/A N/A 3 0:05:40 N/A N/A 
 
 Journal data showed that participants engaged with at-home meditation practice 
during the second intervention phase of the study. Participant 1 meditated from two to 
four times per week through six weeks of the study, with weekly average duration 
ranging from three to five minutes. Participant 2 meditated through five weeks of the 
study, and showed a decreasing trend towards the end. However, Participant 2 showed 
meditation durations up to nine minutes. Participant 3 was also a consistent at-home 
meditator. Her average weekly duration was about six minutes, performed from two to 
four times a week. Finally, Participant 4 did was not as consistent with at-home 
meditation. She began with three times per week, but after two weeks trending to zero. In 
the few meditations Participant 4 did perform, she averaged about three minutes duration. 
 Two of the four participants showed a decreasing trend in number of meditation 
practices per week as the study progressed. Notably, Participants 1 and 3 were generally 
able to maintain the number of practices per week, as well as exhibited an overall larger 
mean duration of meditation activity. 
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4.5 Summary 
 Results have been presented in three broad categories; physiological, 
psychological, and sport performance. Measures of physiology used in the current study 
include HR, RESP, SC, and TEMP. Further, HR values were used to calculate SDNN, a 
measure of heart rate variability, and ln HF Power, a measure of parasympathetic activity. 
Psychological assessments included measures of competitive anxiety (CSAI-2), and 
mindfulness (MAAS). Finally, a performance test measured soccer passing skills (LSPT). 
 There were no consistent trends observed across physiological results. Baseline 
mean HR for all participants were with the normal expected range. Three of the four 
participants exhibited increases in HR during the intervention phase. However, this effect 
was only significant for Participant 3. Participant 4’s HR decreased from baseline 
through intervention with a large effect size. HRV, as reported from SDNN showed 
increases across all participants. Although none of the changes were statistically 
significant, three participants experienced moderate to large effect sizes. Similarly, no 
statistically significant changes were observed with ln HF Power. In fact, no trend in 
direction or magnitude of change was observed across all participants. Despite this, 
Participant 1 showed a clear increasing trend at the end of the intervention phase. RESP 
produced similar variability, with two participants showing increased values, and two 
participants showing decreased outcomes through the intervention phase. However, the 
decreases in RESP observed for Participant 2 and 3 were statistically significant and with 
large effect size. It should be noted this change was not maintained through the 
completion of the intervention phase for either of these participants. Decreases in SC 
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were observed for all four participants. Large effect sizes accompanied each of these 
changes, although none were statistically significant. Visual inspection of the graphs of 
SC show clear, stable changes from baseline through intervention phase. TEMP followed 
a similar trend, with decreases across all participants. Additionally, for this measure 
statistical significance was met for Participant 3 and 4. Effect sizes were moderate to very 
large for all participants. 
Cognitive anxiety scores exhibited a range of outcomes across participants, with 
Participant 2 showing no change from baseline. Participants 1 and 3 had moderate to 
large increases which were not statistically significant, while Participant 4 significantly 
decreased cognitive anxiety values through the intervention phase. Somatic anxiety 
increased from baseline through intervention across all participants. Although this change 
was only statistically significant for Participant 1, very large effect sizes were observed 
for both Participant 1 and Participant 4. Self-confidence scores decreased for three of the 
four participants, with moderate to very large effect sizes. Furthermore, Participant 2’s 
results were statistically significant. Participant 3 showed a slight increase with small 
effect size. 
 Time taken on the soccer performance test decreased for all participants from 
baseline through intervention phase. Effect sizes were variable, ranging from near zero to 
very large. None of these changes were statistically significant. Penalty time, and thus 
number of faults on the soccer performance test were reduced for all participants in the 
intervention phase relative to the baseline measures. These changes were statistically 
significant for Participant 4, and both Participant 3 and 4 demonstrated very large effect 
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sizes. Large decreases in penalty time were seen for Participant 2 and 3 on the last 
measure, while Participant 1 had stable results throughout. The performance time, which 
encompasses both time taken and penalty time on the LSPT again showed reductions 
across all participants. These findings were statistically significant for Participants 3 and 
4, and near significant for Participant 1. In addition, except for Participant 1, all effect 
sizes were considered very large for this change. 
 Stress assessment results were variable with no clear trends, or adherence to 
expected outcomes. Although some participants, and some measures showed clear trends, 
this tendency was not consistent. Stress assessment data across participants was variable. 
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Chapter 5 
Discussion 
5.0 Introduction 
 Performance improvement is highly valued in the world of sport. Athletes and 
coaches are constantly seeking physical and mental strategies to efficiently and 
effectively enhance athletic performance. Although there are many approaches to help 
athletes obtain their goals, building self-awareness, and training self-regulation underlie 
many of these methods. Improving athletes’ self-awareness, and self-regulation skills to 
optimize performance have been attempted in various ways, and across a wide spectrum 
of approaches from psychological through psychophysiological (Weinberg & Gould, 
2014). 
 A psychophysiological tool used to enhance performance through learning self-
awareness, and self-regulation is biofeedback. Biofeedback training can improve an 
athlete’s ability to self-regulate during stressful competitive situations. Although 
biofeedback has been used by athletes for several decades (Oppermann, 2013), 
approaches to enhance sport performance with psychophysiology training have been 
underutilized (Arns et al., 2013). The lack of widespread adoption of biofeedback 
techniques could be attributed to an insufficient amount of empirical evidence linking 
biofeedback interventions directly to sport performance. 
 Sport psychology practitioners have more recently turned to mindfulness training 
as a way to teach greater self-awareness of thoughts and feelings that can have an effect 
on sport performance (Pineau et al., 2014). Similar to sport-related research in 
149 
 
 
biofeedback, mindfulness research within the realm of sport is in need of further evidence 
demonstrating a direct impact on performance (Sappington & Longshore, 2015). 
 Most recently, some clinicians are combining the Western practices of 
biofeedback with the Eastern traditions of mindfulness (Khazan, 2014). Mindfulness-
based biofeedback is a new mental training strategy used to build self-awareness, and 
self-regulation. Apart from some case studies, there is little empirical support for this 
technique, with a few studies outside of sport findings positive outcomes (Johnson, 2016; 
Klich, 2016; Moss, 2016). To date, no research exists that examines the impact of 
mindfulness-based biofeedback training (MBT) on athletes. In fact, a strong call for the 
empirical investigation of such training has been made (Khazan, 2016). 
 The purpose of this dissertation research was to study self-awareness and self-
regulation in athletes, and to examine the effects of a mindfulness-based biofeedback 
intervention in sport. A single-subject, multiple-baseline across participants research 
design was used. Single-subject designs are beneficial, especially within sport, because 
they help to provide understanding of effective interventions, and can serve to evaluate 
applied practice (Barker et al., 2013). The nuance of practical improvements, that more 
directly and personally impact the athlete can be explored with single-subject research as 
well. 
 The current study evaluated direct measures of three types of dependent variables: 
physiological, psychological, and sport performance outcomes. There has been limited 
research within sport investigating all three types of outcome measures simultaneously 
(Zaichkowsky et al., 1979; Prapavessis, et al., 1992; Strack, 2003; Lagos et al., 2008; 
150 
 
 
Paul & Garg, 2012; Paul et al. 2012). A goal of the current study was to add to the 
empirical base exploring the interaction of physiological, psychological, and performance 
variables with athletes, as well as contribute to the lack of research on mindfulness-based 
biofeedback interventions. 
 Four female, high school soccer athletes completed the study, participating in a 
program of MBT over the course of 10 weeks. The physiological measures of heart rate 
(HR), heart rate variability (HRV), respiration rate (RESP), skin conductance (SC), and 
skin temperature (TEMP); psychological measures of competitive anxiety (Competitive 
State Anxiety Inventory, CSAI-2), and mindfulness (Mindfulness Attention Awareness 
Scale, MAAS); and the performance measure of soccer passing skill (Loughborough 
Soccer Passing Test, LSPT) were tracked across the study. After completion of data 
collection, results were evaluated with the traditional single-subject tool of visual 
inspection, as well as statistical analyses, using the two standard deviation method and 
calculating effect size. 
 The following sections will summarize and interpret the results of the current 
study. First, the three research questions will be addressed. Physiological data will 
answer research question one. Psychological data will answer research question two. 
Lastly, sport performance data will answer research question three. Second, the three 
dependent variables, and their interactions will be examined for each participant. Third, 
limitations, specifically focusing on implementation will be considered. Finally, future 
directions will be discussed. 
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5.1 Summary and Implications 
 This section considers each research question. Results within the three types of 
data collected (physiological, psychological, and sport performance) are briefly 
summarized and implications discussed. Previous research is used to provide context in 
developing an understanding of the outcomes of the current study. 
5.1.0 Design rationale and interpretation. The current research utilized a single-
subject design, in part responding to a long-standing call for the increased use of single-
subject research designs in sport psychology (Barker, 2013; Bryan, 1987; Hrycaiko & 
Martin, 1996; Martin, 2004; Zaichkowsky, 1980). Furthermore, some of the benefits of 
single-subject design were especially well-suited for this examination. For example, these 
designs are promising when exploring new areas of research, or when working with 
unique populations, such as competitive athletes. Importantly, the current research design 
allowed for detailed assessment, accounting for small changes over time which may be 
lost in other designs. These small changes have performance implications, which are 
meaningful for athletes and coaches (Barker et al., 2013). 
Visual inspection has been widely used to interpret single-subject data (Kazdin, 
2016). For the current study, statistical analyses were used as well. The two standard 
deviation method statistical test, as well as calculations for effect size (Cohen’s d) were 
carried out (Satake et al., 2008; Kao et al., 2014). In exploring the changes brought about 
by the intervention, all three analyses were integrated into a holistic view of the results. 
Therefore, when reporting on observable change throughout this discussion the 
researcher is referring to the holistic interpretation of the above analyses: visual 
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inspection, two standard deviation method, and effect size. 
The following sections examine outcomes for each research question and make 
use of this holistic interpretation of data. Each section will provide a table in which 
results are summarized and interpreted. The trends of the post-intervention data are 
offered, and how these trends align with outcomes from previous research are discussed. 
In addition to the summary, each section will place the current results in the context of 
this previous research. Finally, an explanation for any discrepancies will be provided. 
5.1.1 Impact on physiological outcomes. First, this study sought to examine the 
impact of the MBT on athletes’ physiology as measured by HR, HRV, RESP, SC, and 
TEMP. Although research on the combination of mindfulness and biofeedback is lacking, 
past studies have demonstrated physiological changes brought about solely by 
biofeedback training, without the addition of mindfulness. 
Training with biofeedback has had a positive impact in helping athletes to learn 
self-awareness and self-regulation skills. In particular, all four modalities that were 
examined in the current study have been shown to improve their associated physiological 
measures with biofeedback training. Much work has been done recently with HRV in 
athletic populations with promising results (Hedelin et al., 2000; Shaw, 2010; Kovaleva, 
2014; Choudhary et al., 2016; Dziembowska et al., 2016). Similarly, various studies have 
shown improvements in physiological measures associated with biofeedback training of 
HR (Pusenjak et al., 2015; Blumenstein et al., 1995; Caird, et al., 1999), RESP (Pusenjak 
et al., 2015; Perry et al., 2011; Blumenstein, et al., 1995), SC (Pusenjak et al., 2015; Perry 
et al., 2011; Blumenstein, et al., 1995), and TEMP (Beauchamp, 2012; Blumenstein, 
153 
 
 
2002; Kappes, & Chapman, 1984). 
 There is much less research looking at physiological outcomes with a mindfulness 
intervention. Most of this research has examined neural changes associated with 
mindfulness practice (Hölzel et al., 2011; Tang et al., 2015). Some limited empirical 
evidence in sport populations exists, looking at cortisol as a physiological marker (John et 
al., 2011), and not the psychophysiological measures, such as HR or SC that were 
examined in the current study. 
Table 28 shows a summary of outcomes for each physiological variable across 
participants. Data has been consolidated so that each physiological variable (i.e., each 
column) can be considered in aggregate. As each individual variable is considered it is 
best to view the corresponding column in the table independently. Arrows indicate the 
trend in observable change, with the color indicating whether this change is typically 
beneficial (green), or suboptimal (red). A horizontal arrow (black) indicates that there 
was no observable change. Results for HR were variable, with two participants showing 
beneficial decreases, while one participant showed no change, and one participant 
demonstrated an increase. Taken together, a potential slight improvement, with 
decreasing HR can be attributed to the MBT. This result aligns with the expected trend 
seen in previous research. 
 HRV, as measured by standard deviation of the peak-to-peak interbeat intervals 
(SDNN) showed an increasing trend across participants. Three of the four participant 
outcomes had increases in HRV, while the fourth participant was neutral. These results 
align to what would be expected with HRV biofeedback training, and what is seen in 
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previous research (Hedelin et al., 2000; Shaw, 2010; Kovaleva, 2014; Choudhary et al., 
2016; Dziembowska et al., 2016). 
Table 28 
Physiological Outcomes 
Partici-
pant 
HR SDNN ln HF RESP SC TEMP 
1 ↓ ↑ → → ↓ → 
(d=0.51)* (d=0.92)* (d=-0.46) (d=0.61) (d=-1.75) (d=-0.45) 
2 → → → ↓ ↓ ↓ 
(d=0.27) (d=0.04) (d=0.04) (d=-3.06)* (d=-0.59) (d=-0.97) 
3 ↑ ↑ → ↓ ↓ ↓ 
(d=2.39)* (d=0.50) (d=-0.04) (d=-1.06)* (d=-0.93) (d=-2.54)* 
4 ↓ ↑ → ↑ ↓ ↓ 
(d=-0.88) (d=0.84) (d=0.21) (d=0.69)* (d=-0.78) (d=-2.07)* 
       
Note. HR = heart rate, SDNN = standard deviation of beat-to-beat intervals (measure of heart rate 
variability, ln HF = natural log of high frequency power (measure of parasympathetic activity), 
RESP = respiration rate, SC = skin conductance, TEMP = skin temperature. Arrows indicate 
overall direction of change (increasing, decreasing, or neutral). Colors indicate whether the 
change was in the hypothesized beneficial direction (green = beneficial, red = potentially 
detrimental, black = neutral). Effect size (Cohen's d) is indicated below each arrow. *Statistical 
significance, as measured by the two standard deviation method is indicated. 
 
 As a measure of parasympathetic nervous system activity, ln HF Power was 
calculated, showing neutral results for all four participants. Previous research has shown 
that increased HF HRV is associated with better health (Shaffer et al., 2014), and that 
trained athletes typically have increased vagal tone demonstrated by higher HF power 
(Berkoff, Cairns, Sanchez, & Moorman, 2007). Although it was expected that the MBT 
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would improve vagal tone, no observable changes in HF Power were seen in the current 
research. This may have been because the HRV training taught participants to create 
more variability in their HR, but was not sufficient to create a change in HF Power. Garet 
and colleagues (2004) showed similar results with increases in HRV and swimming 
performance. The increases in variability were reflected in SDNN, while the lack of 
greater synchronization between the cardiac and respiratory systems was reflected in 
neutral ln HF Power results. 
Similar to HR, RESP results were variable across participants. Although two 
participants demonstrated decreases in RESP post-intervention, one participant showed 
an increase, and the fourth was neutral. Typically, with respiratory biofeedback training, 
decreases in RESP are observed (Pusenjak et al., 2015; Perry et al., 2011; Blumenstein, et 
al., 1995). Overall, this trend was seen for the current results, although not consistent for 
all participants. 
 Results were contrary for SC and TEMP measures. Although clear beneficial 
trends were observed with all participants decreasing SC, three participants also showed 
decreases in post-intervention TEMP. Typically, biofeedback training would contribute 
to decreased sympathetic arousal and thus lowered SC and increased TEMP (Pusenjak et 
al., 2015; Perry et al., 2011; Blumenstein, et al., 1995; Beauchamp, 2012; Blumenstein, 
2002; Kappes, & Chapman, 1984). Some possible contributing factors may explain the 
unanticipated TEMP results. For instance, the outside temperature, with the study 
progressing into the winter months grew increasingly colder. Athletes may not have had 
sufficient time to acclimatize and warm up their hands. Additionally, the rooms in which 
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the study meetings were conducted were variable in temperature, possibly contributing to 
inconsistent TEMP results. 
 Although outcomes must be considered in relation to all the physiological data, 
overall positive and expected trends can be seen with SC, indicating less sympathetic 
arousal, and HRV, indicating greater cardiorespiratory flexibility. These results suggest a 
possible beneficial contribution from the MBT to improved physiological outcomes. 
5.1.2 Impact on psychological outcomes. Second, the current study sought to 
examine the impact of the MBT on athletes’ psychological characteristics, including 
competitive anxiety as measured by the CSAI-2, and mindfulness awareness, as 
measured by the MAAS. Although research on the combined MBT is lacking, past 
studies have shown psychological changes brought about by both biofeedback training, 
and mindfulness interventions, separately. 
Training with biofeedback has been shown to improve measures of anxiety in 
athletes. Using the CSAI-2, Prapavessis and colleagues (1992) found reductions in 
cognitive and somatic anxiety, and improvements in self-confidence in a male rifle 
shooter after six weeks of HR biofeedback training. Although one study failed to show 
differences in competitive anxiety between a control group and experimental group 
receiving HRV biofeedback training (Strack, 2003), other studies have demonstrated 
positive changes in anxiety levels, as measured by the CSAI-2. Specifically, in collegiate 
golfers, improvements in cognitive and somatic anxiety, as well as self-confidence as 
measured by the CSAI-2 were demonstrated (Lagos et al., 2008; Lagos et al., 2011). 
There are several studies that examine mindfulness outcomes with sport-based 
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mindfulness interventions (Baltzell, 2016; Kaufman, Glass, & Pineau, 2017; Gardner, & 
Moore, 2012). However, there is limited research on biofeedback interventions which 
measure mindfulness. In two similar experimental studies, one group received HRV 
biofeedback training, while another group received mindfulness meditation training for 
five weeks. Results suggested that mindfulness, as measured by the Five Facet 
Mindfulness Questionnaire (FFMQ-SF) was improved in both groups (de Bruin, van der 
Zwan, & Bögels, 2016; van der Zwan, de Vente, Huizink, Bögels, & de Bruin, 2017). 
Table 29 shows a summary of psychological outcomes for each subscale of the 
CSAI-2, and the MAAS. Data has been consolidated across participants for each 
psychological variable. The results will be considered in this manner (i.e., in each 
column). As each individual variable is considered it is best to view the corresponding 
column in the table independently. Arrows indicate the trend in observable change, with 
the color indicating whether this change is typically beneficial (green), or suboptimal 
(red). A horizontal arrow (black) indicates no observable change. 
Overall, results from the psychological measures were variable, with many 
outcomes trending in a suboptimal direction. Cognitive anxiety, as measured on the 
CSAI-2 subscale increased for two participants, while decreasing for a single participant, 
and remaining neutral for one participant. On the same assessment, somatic anxiety levels 
remained neutral for three of the participants, while increasing for one participant. The 
final subscale of the CSAI-2, measuring self-confidence, was neutral for two participants, 
and decreased for the other two participants. 
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Table 29 
Psychological Outcomes for the CSAI-2 and the MAAS 
Participant Cognitive Somatic Self-confidence Mindfulness 
1 ↑ ↑ ↓ ↓ 
(d=1.07) (d=2.37)* (d=-1.43) (d=-0.87) 
2 → → ↓ ↑ 
(d=0.00) (d=0.29) (d=-3.44)* (d=1.15) 
3 ↑ → → → 
(d=0.40) (d=0.61) (d=0.30) (d=-0.04) 
4 ↓ → → ↓ 
(d=-2.05)* (d=2.37)* (d=-0.46) (d=-2.84) 
     
Note. Cognitive = cognitive anxiety score on the CSAI-2. Somatic = somatic anxiety score on the 
CSAI-2. Self-confidence = self-confidence score on the CSAI-2. Mindfulness = score on the MAAS. 
Arrows indicate overall direction of change (increasing, decreasing, or neutral). Colors indicate 
whether the change was in the hypothesized beneficial direction (green = beneficial, red = 
potentially detrimental, black = neutral). Effect size (Cohen's d) is indicated below each arrow. 
*Statistical significance, as measured by the two standard deviation method is indicated. 
Considering the CSAI-2 results across participants, a slight trend of increasing 
cognitive anxiety was observed, while somatic anxiety remained neutral post-
intervention. This accompanied slight reductions in self-confidence as well. These results 
are counter to previous research which showed decreased anxiety, and improved self-
confidence due to biofeedback or mindfulness training (Prapavessis et al., 1992; Lagos et 
al., 2008; Lagos et al., 2011; Bühlmayer et al., 2017; Noetel et al., 2017; Gooding, & 
Gardner, 2009). However, previous studies have found similar variable results when 
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using the CSAI-2 to measure competitive anxiety (Kao, et al., 2014; Strack, 2003). The 
across participant variability in each psychological variable suggests inconclusive 
findings. Although some variables showed movement in suboptimal directions, such as 
increased cognitive anxiety, this may not be detrimental to performance. The relationship 
between increased anxiety and poor sport performance is complex (Nieuwenhuys, & 
Oudejans, 2017). For instance, increases in anxiety may in fact be facilitative for 
performance (Craft, Magyar, Becker, & Feltz, 2003). 
Levels of mindfulness, as assessed by the MAAS were neutral to slightly lower as 
compared with baseline values across all participants. These results were not expected 
given previous research (van der Zwan, 2017; Bühlmayer et al., 2017). A possible 
explanation could be that participants’ baseline values were not an accurate 
representation of their true level of mindfulness. Prior to the intervention, with little 
exposure to mindfulness concepts and practice, the participants may have been limited in 
their ability to self-assess. Through the intervention training they may have developed 
their self-assessment skills, while increasing self-awareness, and mindfulness, resulting in 
a more accurate interpretation. 
5.1.3 Impact on sport performance outcomes. Finally, the current study sought 
to examine the impact of the MBT on athletes’ soccer performance as measured by 
passing skill in the LSPT. Although research specifically on MBT is lacking, past studies 
have shown sport performance changes associated with both biofeedback training, and 
mindfulness interventions. 
Improvements in sport performance related to biofeedback training have been 
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demonstrated in several studies utilizing the Wingate Five-Step Approach (W5SA) 
(Blumenstein, & Weinstein, 2011). For example, interventions with HR and SC 
biofeedback, in addition to other training, showed improvements in sport performance for 
swimmers (Bar-Eli, 2002; Bar-Eli & Blumenstein, 2004), runners (Bar-Eli & 
Blumenstein, 2004), and tennis players (Galloway, 2011). Furthermore, performance 
improvements in baseball (Strack, 2003), golf (Lagos et al., 2008; Lagos et al., 2011), 
and ice hockey (Perry, 2011) were also shown with biofeedback training. 
The impact of mindfulness interventions on sport performance has been explored 
less fully in the literature. However, John and colleagues (2011) showed that mindfulness 
therapy contributed to improved shooting performance in air pistol competitors, 
compared to a control group. Additionally, elite figure skaters in an experimental group 
receiving a mindfulness intervention improved competition scores (Bernier, Thienot, 
Pelosse, & Fournier, 2014). 
Table 30 shows a summary of sport performance outcomes for each part of the 
LSPT. Data has been consolidated across participants for each performance variable. The 
results will be considered in this manner (i.e., in each column). As each individual 
variable is discussed it is best to view the corresponding column in the table 
independently. Arrows indicate the trend in change, with the color indicating whether this 
change is typically beneficial (green), or suboptimal (red). A horizontal arrow (black) 
indicates no observable change. 
In contrast to the physiological and psychological measures, there are clear 
positive trends across all measures in the sport performance results. Except for two 
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participants who had neutral outcomes for Time Taken, improvements were 
demonstrated across all measures, across all participants. Not only were the athletes able 
to complete the test faster, they were able to do it while committing less penalties. Both 
quicker performance, and fewer faults were reflected in improved Performance Times. 
Table 30 
Sport Performance Outcomes for the LSPT 
Participant Time Taken Penalty Time Performance Time 
1 → ↓ ↓ 
(d=-0.33) (d=-0.27) (d=-0.29) 
2 ↓ ↓ ↓ 
(d=-0.74) (d=-0.65) (d=-3.37) 
3 ↓ ↓ ↓ 
(d=-1.81) (d=-2.23) (d=-2.04) 
4 → ↓ ↓ 
(d=-0.04) (d=-2.67)* (d=-1.13)* 
    
Note. Time Taken = time taken to perform LSPT. Penalty Time = penalties accrued during LSPT. 
Performance Time = combined time taken and penalties on the LSPT. Arrows indicate overall 
direction of change (increasing, decreasing, or neutral). Colors indicate whether the change was 
in the hypothesized beneficial direction (green = beneficial, red = potentially detrimental, black = 
neutral). Effect size (Cohen's d) is indicated below each arrow. *Statistical significance, as 
measured by the two standard deviation method is indicated. 
Sport performance improvements have been attributed to both biofeedback 
training, and mindfulness interventions previously (Morgan et al., 2017; Bühlmayer et al., 
2017). In the current study, performance improvements on the LSPT were found post-
intervention. The MBT could have contributed to greater self-awareness of thoughts and 
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feelings that may have previously impeded performance on the soccer skills test. In 
addition, athletes may have also learned self-regulation skills that could have alleviated 
some of these previously detrimental thoughts and feelings. Therefore, the performance 
improvements on the soccer skills test may be attributed to the intervention. 
A potential cause of soccer passing skill improvement could be explained through 
practice effects. The athletes may have gotten better simply because they had more 
exposure to the test. However, there was a minimum of 36 days between the last baseline 
LSPT and the first post-intervention measurement. Over the course of five weeks, it is 
unlikely that any practice effects remained. Previous research allotted a single week 
between trials of the LSPT without effect (Ali et al., 2008; McDermott, Burnett, & 
Robertson, 2015). 
5.1.4 Meditation practice. During intervention phase two the study participants 
were encouraged to perform daily meditations. This practice was in addition to the 
weekly meetings with the researcher in which the participants were able to practice self-
awareness, and self-regulation skills with the assistance of physiological biofeedback. In 
order to facilitate adherence to this at-home meditation practice, and to encourage athlete 
participation, flexibility was built into the protocol. The participants were allowed to 
meditate whenever, and wherever was convenient for them. For example, many reported 
sitting for a practice while lying in bed just before going to sleep for the night. 
Additionally, several participants reported doing brief meditations before a sporting 
event, or while practicing yoga. Furthermore, the participants were given a variety of 
audio recording to choose from as a guide to their meditation practice (Appendix J). 
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Practice is important for realizing the beneficial effects of mindfulness. Many 
mindfulness programs employ ‘homework’ in addition to in-class training. This 
‘homework’ consists of frequent, individual meditation practice sessions. For example, 
Mindfulness Based Stress Reduction (MBSR) can require 45-60 minutes of daily, ‘at-
home’ meditation practice (Kabat-Zinn, 1990). Additionally, Mindfulness Sport 
Performance Enhancement (MSPE), a program aimed at athletes in particular, requires 
30-45 minutes of daily practice (Kaufman, et al., 2017). Mindfulness meditation must be 
practiced regularly to benefit an athlete (Rooks, Morrison, Goolsarran, Rogers, & Jha, 
2017), and generally, individuals who spend more time meditating have more success 
(Galla, Baelen, Duckworth, & Baime, 2016; Jha, Morrison, Parker, & Stanley, 2017). 
The empirical support for at-home meditation practice is clear, with more practice 
optimizing outcomes. However, practical considerations cannot be ignored. If the 
participants do not do the daily meditations, because they are too long for example, there 
can be no benefit. To address this issue, the MSPE group has modified their protocol 
from its original form, shortening the recommended practice from 45 minutes to 30 
minutes. They did this in recognition of the demanding schedules of athletes, and the 
interest in maintaining adherence (Kaufman et al., 2017). Furthermore, research is 
beginning to show a relationship between the ‘dose’ of meditation and the response 
elicited (Jha et al., 2017). For example, improvements in mindfulness, and well-being 
have been reported with higher frequencies of meditation practice (Huppert & Johnson, 
2010). Therefore, it may be more beneficial to practice more frequently, even if for 
shorter durations. In practical terms, this approach of allowing participants to practice 
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more frequently but with possible shorter durations will likely improve adherence and 
acceptance, especially in busy adolescent athletes. 
The current study built flexibility into the at-home meditation protocol for the 
participants. This was done based on the recent research possibly suggesting weekly 
frequency to be more important than daily duration. In addition, practicality in terms of 
athlete acceptance and adherence was paramount. Providing variety in audio guided 
meditations, and allowing participant discretion for timing and location was done in order 
to maximize adherence as well. 
Although there is limited research examining the amount of home practice 
compliance in adolescent practitioners, it has been suggested that home practice is 
typically poor in adolescents (Quach, Gibler, & Mano, 2017). In one study of a short 
program of mindfulness training in school, a group of adolescent boys (N=155) showed 
varied home practice levels. About one third practiced three or more times per week, 
while another third practiced between one and three time per week. The final third 
practiced once a week or less (Huppert & Johnson, 2010). 
In the current study participants met or exceeded these previously reported trends. 
Compiling of participant journals showed that most participants were able to engage in 
meditation for about two to four times per week. Participants 1 and 3 were able to 
maintain this frequency throughout the study period, while Participant 2 trended to lower 
levels towards the end of the study. Participant 4 was not able to maintain this initial 
amount of meditation practice for the duration of the study. 
Although most participants began the intervention period meeting expected at-
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home meditation frequencies, there was a decreasing trend in at-home meditation 
practices over the duration of the study for three of the four participants. Participant 3 
was able to maintain a steady practice rate through the end of the intervention period. 
As the utility of at-home practice has been demonstrated for successful outcomes 
in mindfulness training (Rooks et al., 2017), the decreasing trend in individual at-home 
meditation frequency over the course of the study may have contributed to the limited 
and variable beneficial results. With less meditation practice the participants may not 
have enjoyed the full benefits of the intervention, resulting in less visible changes in 
enhancement of physiological and psychological measures. 
With the importance of consistent practice being demonstrated in previous 
research, and possibly in this study, future research on mindfulness-based biofeedback 
interventions with adolescent athletes should consider participant adherence. Practical 
considerations must be addressed when examining the at-home meditation practice. 
Students’ lives are increasingly filled with activities from school, to sports, and social 
engagement. The introduction of any new activity into their busy lives could create 
competition for attention. Keeping this in mind, the current study attempted to provide 
participant flexibility and ownership of individual meditation practice. 
Future research with similar populations should attempt to maintain flexibility in 
the meditation homework. The participants should be encouraged to meditate every day, 
but should understand that it is more important to practice, even if for a few minutes than 
to not practice at all. The current research would suggest that the journal was helpful in 
at-home meditation adherence. Future research should follow a similar structure and 
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encourage daily journaling of participant meditation activity. Finally, as suggested by the 
protocol followed in this study, future research should consider offering its participants a 
variety of audio guided meditation options. Providing adolescent participants some 
choice and agency to the practice may be beneficial to adherence. 
5.1.5 Impact on individual subjects. In keeping with traditional interpretation of 
single-subject design, physiological, psychological, and performance results will be 
considered in aggregate for each participant. These data will be consolidated to provide 
insight into any holistic changes that may have occurred. Where appropriate, references 
will be made to previous research. Further, the results for each participant will be 
considered in the context of the theoretical framework based on the cognitive-behavioral 
triangle. Specifically, the interaction of thoughts (psychology), feelings (physiology), and 
behavior (performance), and their influence on each other will be explored. 
 Participant 1 was a freshman on the junior varsity (JV) soccer team. She had some 
brief exposure to mindfulness meditation through school, and no prior experience with 
biofeedback. Figure 15 shows consolidated data for Participant 1. Improvements were 
observed in physiological, as well as performance measures post-intervention. However, 
psychological outcomes were contrary to previous findings.   
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(d=1.07) (d=2.37)* (d=-1.43) (d=-0.87)  (d=-0.33) (d=-0.27) (d=-0.29) 
 
Figure 15. Participant 1 results. This figure compiles the results for Participant 1 across physiology, psychology, and performance. Note. HR = 
heart rate, SDNN = standard deviation of beat-to-beat intervals (measure of heart rate variability, ln HF = natural log of high frequency power 
(measure of parasympathetic activity), RESP = respiration rate, SC = skin conductance, TEMP = skin temperature. Cognitive = cognitive anxiety 
score on the CSAI-2. Somatic = somatic anxiety score on the CSAI-2. Self-confidence = self-confidence score on the CSAI-2. Mindfulness = 
score on the MAAS. Time Taken = time taken to perform LSPT. Penalty Time = penalties accrued during LSPT. Performance Time = combined 
time taken and penalties on the LSPT. Arrows indicate overall direction of change (increasing, decreasing, or neutral). Colors indicate whether 
the direction of change was beneficial (green), potentially detrimental (red), or neutral (black). Effect size (Cohen's d) is indicated below each 
arrow. *Statistical significance, as measured by the two standard deviation method is indicated. 
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Most physiological outcomes, as well as performance measures improved. 
Although ln HF Power was neutral for Participant 1, there was a clear trend towards 
higher values at the end of the intervention. Similar trends have been observed in 
previous studies of HRV biofeedback, with increases in HF Power occurring in later 
stages of training (Lagos et al., 2011; Lagos et al., 2008). It is possible that the delayed 
change was a result of cumulative activation, and improvement in regulation of 
autonomic function over time (Lagos et al., 2008; Lehrer et al., 2003). Considering these 
findings, and other specific evidence, such as decreased HR, increased HRV, and 
decreased SC, as well as decreased Performance Time on the soccer skills test it can be 
tentatively asserted that this athlete experienced enhancing effects from the MBT 
intervention. 
Although positive effects were seen for physiological and performance outcomes, 
the psychological measures changed in ways contrary to beneficial effects. Increases in 
anxiety, decreases in self-confidence, and decreases in mindfulness were observed. A 
potential explanation for this discrepancy could be that the athlete was able to build self-
awareness as intended, however, the newly found self-awareness created a realization in 
the individual that previous beliefs about levels of anxiety, self-confidence, and 
mindfulness were not accurate. The new self-awareness, and more accurate self-
assessment resulted in psychological scores reflecting trends in suboptimal directions. 
Therefore, these outcomes could potentially indicate a successful delivery of intervention 
resulting in increased self-awareness, and the ability to more accurately self-assess 
internal thoughts and feelings. 
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Participant 2 was also a freshman and played on the freshman soccer team. She 
also had some brief exposure to mindfulness meditation through school, and no previous 
experience with biofeedback. Figure 16 shows consolidated data for Participant 2. 
Improvements were observed in physiological, as well as performance measures post-
intervention. However, psychological outcomes were mixed with improvements in 
mindfulness, neutral outcomes on anxiety, and decrements in self-confidence. 
Similar to Participant 1, results for Participant 2 indicated improvements in 
physiological and performance measures. Although heart related physiological measures 
(HR, SDNN, and ln HF Power) were neutral, RESP, and SC showed improvements. The 
athlete was able to build self-awareness, and learn self-regulation of thoughts and 
feelings, as reflected in decreased RESP, and SC, demonstrating reduced sympathetic 
arousal. Further, neutral post-intervention measures of cognitive and somatic anxiety may 
also reflect this change. Additionally, MAAS scores increased, as an indication that the 
athlete was more self-aware and mindful. 
Participant 2 showed decreases in self-confidence, and TEMP post-intervention. 
These were the only measures that moved counter to results in previous research. Other 
measures suggest an increase in self-awareness for Participant 2. Similar to Participant 1, 
this increase in self-awareness could have resulted in a reevaluation of self. Beliefs in 
self-confidence prior to the intervention may have been inaccurate. By building self-
awareness through the MBT, Participant 2 may have been able to more accurately 
describe her true level of confidence in herself, and thus provide a lower score over the 
intervention period as compared to baseline. 
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Figure 16. Participant 2 results. This figure compiles the results for Participant 2 across physiology, psychology, and performance. Note. HR = 
heart rate, SDNN = standard deviation of beat-to-beat intervals (measure of heart rate variability, ln HF = natural log of high frequency power 
(measure of parasympathetic activity), RESP = respiration rate, SC = skin conductance, TEMP = skin temperature. Cognitive = cognitive anxiety 
score on the CSAI-2. Somatic = somatic anxiety score on the CSAI-2. Self-confidence = self-confidence score on the CSAI-2. Mindfulness = 
score on the MAAS. Time Taken = time taken to perform LSPT. Penalty Time = penalties accrued during LSPT. Performance Time = combined 
time taken and penalties on the LSPT. Arrows indicate overall direction of change (increasing, decreasing, or neutral). Colors indicate whether 
the direction of change was beneficial (green), potentially detrimental (red), or neutral (black). Effect size (Cohen's d) is indicated below each 
arrow. *Statistical significance, as measured by the two standard deviation method is indicated. 
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Participant 3 was also a freshman and played on the freshman soccer team. 
Similar to the other participants, she had minimal exposure to mindfulness meditation in 
school, and no previous experience with biofeedback. Figure 17 shows consolidated data 
for Participant 3. Improvements were observed in most physiological results, with the 
exception of HR, and TEMP. Except for decrements in cognitive anxiety, psychological 
outcomes were neutral. Measures of performance were all improved post-intervention. 
Although increases in HR were counter to previous findings, it should be noted 
that baseline HR values for Participant 3 started out much lower than for the other 
participants. Given this, and the improvements seen in most other physiological values, it 
is likely that outside influences, or experimental delivery and conditions may have 
contributed to an artificially low, and inaccurate baseline measure of HR for Participant 
3. Regardless of the potential faults with HR, beneficial changes in HRV were observed. 
Additionally, and similar to Participant 1, although ln HF Power was neutral overall there 
was a clear trending towards higher values at the end of intervention. Again, it is possible 
that the delayed change was a result of cumulative activation and improvement in 
regulation of autonomic function over time (Lagos et al., 2008; Lehrer et al., 2003). 
 Compared to baseline, lower measures of RESP, and SC, as well as unchanged 
somatic anxiety levels could indicate a decreased impact of sympathetic arousal. 
Beneficial increases in HRV as well as lower sympathetic activity may have contributed 
to enhanced sport performance, as observed in all aspects of the soccer passing test.  
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Figure 17. Participant 3 results. This figure compiles the results for Participant 3 across physiology, psychology, and performance. Note. HR = 
heart rate, SDNN = standard deviation of beat-to-beat intervals (measure of heart rate variability, ln HF = natural log of high frequency power 
(measure of parasympathetic activity), RESP = respiration rate, SC = skin conductance, TEMP = skin temperature. Cognitive = cognitive anxiety 
score on the CSAI-2. Somatic = somatic anxiety score on the CSAI-2. Self-confidence = self-confidence score on the CSAI-2. Mindfulness = 
score on the MAAS. Time Taken = time taken to perform LSPT. Penalty Time = penalties accrued during LSPT. Performance Time = combined 
time taken and penalties on the LSPT. Arrows indicate overall direction of change (increasing, decreasing, or neutral). Colors indicate whether 
the direction of change was beneficial (green), potentially detrimental (red), or neutral (black). Effect size (Cohen's d) is indicated below each 
arrow. *Statistical significance, as measured by the two standard deviation method is indicated. 
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 Despite these performance improvements, cognitive anxiety tended to increase for 
Participant 3. Strack (2003) had related findings, in which athletes improved baseball 
batting performance as a result of HRV biofeedback training, despite participants’ scores 
on the CSAI-2 not showing decreases in cognitive or somatic anxiety. The author 
suggested that anxiety may not have a negative relationship with performance. This has 
borne out in more recent research. (Nieuwenhuys, & Oudejans, 2017; Craft et al., 2003). 
Additionally, changes in anxiety may not directly affect performance, but athlete 
perception may be the critical factor (Balyan, Tok, Tatar, Binboga, & Balyan, 2016). The 
MBT training may have enabled Participant 3 to improve performance through a 
reevaluation of thoughts and feelings, despite increases in competitive anxiety. 
Participant 4 was a freshman on the freshman soccer team. She also had some 
brief exposure to mindfulness meditation through school, and no prior experience with 
biofeedback. Figure 18 shows consolidated data for Participant 4. Generally, 
physiological outcomes improved post-intervention. However, the increases observed in 
RESP, and TEMP did not follow this trend. Performance measures improved overall, 
although psychological outcomes were mixed, with improvements in cognitive anxiety 
contrasted with decreases in mindfulness.  
Although ln HF Power was neutral for Participant 1 there was a clear trending 
towards higher values at the end of intervention, which may be attributed to a delayed 
change as a result of cumulative activation and improvement in regulation of autonomic 
function over time (Lagos et al., 2008; Lehrer et al., 2003). Three of the four participants 
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Figure 18. Participant 4 results. This figure compiles the results for Participant 4 across physiology, psychology, and performance. Note. HR = 
heart rate, SDNN = standard deviation of beat-to-beat intervals (measure of heart rate variability, ln HF = natural log of high frequency power 
(measure of parasympathetic activity), RESP = respiration rate, SC = skin conductance, TEMP = skin temperature. Cognitive = cognitive anxiety 
score on the CSAI-2. Somatic = somatic anxiety score on the CSAI-2. Self-confidence = self-confidence score on the CSAI-2. Mindfulness = 
score on the MAAS. Time Taken = time taken to perform LSPT. Penalty Time = penalties accrued during LSPT. Performance Time = combined 
time taken and penalties on the LSPT. Arrows indicate overall direction of change (increasing, decreasing, or neutral). Colors indicate whether 
the direction of change was beneficial (green), potentially detrimental (red), or neutral (black). Effect size (Cohen's d) is indicated below each 
arrow. *Statistical significance, as measured by the two standard deviation method is indicated.
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in the current study may have experienced this phenomenon, which could have resulted 
in continued improvement in HRV HF Power with additional training time. 
Cognitive anxiety decreased, and somatic anxiety remained neutral, which is 
consistent with the physiological changes observed. Additionally, performance 
improvements were seen, and corresponded with the beneficial changes in physiology, 
and psychology. Mindfulness decreased for Participant 4. Although the goal of the 
intervention was to increase mindfulness through improved self-awareness, the aberrant 
result may in fact be an indication of development of self-awareness. As described 
previously for Participant 1, mindfulness levels, as measured by the MAAS may actually 
decrease as the athlete builds self-awareness and realizes previous answers were not an 
accurate reflection of her experience. The MBT may have increased self-awareness, 
resulting in a reevaluation of previous experience. The post-intervention decreases in 
MAAS scores may have actually been a more accurate measure of overall mindfulness in 
this participant. 
5.2 Limitations 
 While this study yielded interesting results, and answered the calls for both 
research on mindfulness-based biofeedback interventions in sport, and single-subject 
research in sport psychology, there were some limitations worth addressing. The main 
limitation concerned scheduling and timing of study meetings. Participants were high 
school student athletes, with full days of school and extracurricular activities, resulting in 
limited availability. In addition, the high school environment offered limited availability 
of space to an outside researcher. Obtaining and maintaining both classroom and gym 
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space for study use posed significant challenges and required constant monitoring on the 
part of the researcher. Given these restraints, most of the study meetings took place 
before the participants started school, typically 7:00am - 8:00am. 
 Due to this timing, a variety of factors could have affected the outcome 
measurements, and the results. For instance, concern for the participants’ need to get to 
their first class on time, required brevity during study meetings. The fast pace, both 
physically and mentally in the morning could have altered both the physiology and 
psychology of the participants. The environment may have contributed to results on 
physiological and psychological measures that did not accurately reflect the state of the 
participant if they had been recorded at a different time, and under different 
circumstances. 
 Although there are no standards for the period of time needed for the participant 
to acclimate to the environment before recording physiological data (Schwartz, & 
Andrasik, 2015), researchers have used intervals of three to five minutes (Dziembowska 
et al., 2016; Gross et al., 2017). Due to time constraints in the current study, athletes were 
acclimatized for only about two to three minutes, as they entered the room, removed their 
jackets and placed belongings on the side, and were fitted with the physiological sensors. 
Although the researcher attempted to move slowly, and talk calmly with each participant, 
the procedures may have felt rushed. The pace needed to begin the recording each session 
may have impacted the results. 
 Additionally, performing study meetings before school may have contributed to 
changes in measures of physiological and psychological outcomes. Early start times to 
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high school students’ day may contribute to deleterious effects on their health and well-
being (Wahlstrom, & Owens, 2017). The unique physical characteristics of adolescents 
may have contributed to results that are not typical due to the inherently problematic 
early morning physiological and psychological state of high school students. It should be 
noted, however, that the students did have some choice in study meeting times. 
Therefore, participants may have preferred the early morning not just because of 
availability but because their unique chronotype allows for morning performance which 
is atypical of most high school students. 
 A further limitation could have been an increased level of anxiety in the 
participants brought about by the environment of the study meetings. Two main factors 
could have affected results. First, the study meetings occurred in a closed classroom with 
only the participant and the researcher. The researcher, an adult male, relatively unknown 
to the female teenager could have contributed to uncomfortable thoughts and feelings in 
the participant which may have affected both physiological and psychological measures. 
Second, although the rooms used were private, they were not locked or restricted access. 
With this, the study meetings could have been interrupted by outsiders (teachers or other 
students), and were on a few occasions. This uncertainty of disturbance could have 
affected participant attention and anxiety, and again altered physiology or psychology. 
 A further limitation was the homogenous participant pool. All participants were 
adolescent, female soccer players. Although a goal of the study was to examine soccer 
performance optimization using a single-subject design, restrictions on generalizability 
exist. Generally, positive results in the form of improved physiological, psychological, 
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and sport performance measures were seen for this limited population. However, future 
studies should consider male athletes, differing age ranges, and expand beyond the sport 
of soccer. 
5.3 Future Directions 
 The fields of biofeedback and mindfulness have each provided effective 
intervention strategies for athletes (Morgan, & Mora, 2017; Bühlmayer, 2017). Only 
recently have suggestions been made to combine these two training options in an effort to 
maximize efficient and effective building of self-awareness, and learning of self-
regulation skills. With this recent suggestion, a call was made to advance empirical 
investigation into mindfulness-based biofeedback interventions in sport (Khazan, 2016). 
Although this study was the first to respond to this call, continued work examining this 
unique strategy is needed. 
 Future research should continue the empirical examination of using mindfulness-
based biofeedback for enhancing sport performance and athlete well-being. Two main 
threads should be considered. First, the current study recruited a limited population of 
female, high school soccer athletes. Future work could broaden the field by examining 
mindfulness-based biofeedback techniques across a range of ages as well as with male 
athletes. Second, research is needed that evaluates these interventions in other sports, at 
both the individual and team level. 
 As this study is the only known research that examines MBT with athletes to date, 
it is recommended that several aspects of the protocol be explored in more detail. The 
current study consisted of an intensive five-day introduction to both mindfulness and 
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biofeedback. Over those five days the two techniques were integrated, and following that 
integration a seven-week intervention period proceeded. Weekly meetings with 
biofeedback refresher training, coupled with daily at-home meditation practice was used 
to elicit increased self-awareness and self-regulation skills. Future research should assess 
the timing of the intervention, looking at both total length, and frequency of training. In 
addition, the amount of at-home meditation practice should be explored more fully, 
including an evaluation of the type of guided meditations used. 
The current study tracked the entire array of outcome measures: physiological, 
psychological, and sport performance. Generally, previous research on biofeedback has 
shown changes in physiological measures such as HR and HRV, or muscle tension; or in 
psychological measures such as anxiety, while mindfulness studies have primarily 
tracked changes in psychological dimensions such as anxiety or stress. While both 
physiological and psychological dimensions have a relationship to sport performance, the 
relationship is indirect. Therefore, future research should consider measuring changes in 
sport performance, in addition to physiological and psychological parameters. It is 
advised that future studies consider emulating the current study and use physiological, 
psychological, and sport performance measures as all three are relevant and informative 
to intervention effectiveness and athlete improvement. 
 More broadly, there is a lack of research on mindfulness interventions that 
explore participant physiology. As discussed earlier much of the work on mindfulness in 
athletes considers psychological outcomes. Within sport, and even more extensively, 
future research should examine physiological changes that occur with delivery of 
180 
 
 
mindfulness interventions. Measuring features such as HR, HRV, RESP, SC, and TEMP 
would greatly contribute to an ever-growing body of evidence supporting the assorted 
benefits of mindfulness training. Although much work exists showing neural changes 
related to mindfulness (Fox et al., 2014; Hölzel et al., 2011; Luders et al., 2012; 
Murakami et al., 2012; Tang, Hölzel, & Posner, 2015), the rest of the body has been 
largely ignored to date. As mindfulness is concerned with the present moment, both 
thoughts and emotions, and the state of the body, future research on mindfulness should 
explore physiological outcomes. 
5.4 Conclusion 
 The current study sought to examine the effects of a mindfulness-based 
biofeedback intervention with high school soccer athletes. The research answered calls 
for more empirical support for MBT interventions in sport, as well as long-standing 
requests for more single-subject design within sport psychology. Furthermore, in carrying 
out this research three types of outcome measures addressing changes in physiology, 
psychology, and sport performance were explored. Results were variable across measures 
and participants, with only a few variables showing statistical significance. However, 
when examining the measures holistically, beneficial changes were demonstrated. All 
participants improved soccer passing skill post-intervention. Additionally, all participants 
generally showed improvements in physiological variables, demonstrating increased 
levels of self-awareness, and learned self-regulation strategies. Although psychological 
measures were variable, with some slightly suboptimal effects, these changes may have 
actually been caused by improvements in self-awareness brought about by the MBT. As 
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this study was the first to explore a MBT in a sport setting, the stage has been to set to 
more fully examine this potentially promising athlete mental training technique. 
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Appendix C 
Informed Consent-Assent Form
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Appendix D 
Competitive State Anxiety Inventory 2 
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Appendix E 
Mindfulness Attention Awareness Scale 
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Appendix F 
Loughborough Soccer Passing Test 
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Appendix G 
Participant Study Meeting Dates 
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Appendix H 
Intervention Details 
 
Intervention Phase 1 
Day 1 
Goal Biofeedback Screen Meditation 
Introduce diaphragmatic breathing HR & Resp graph & pacer - 1mon Breath Awareness 
Build physiological self-awareness Respiration line trace Source: UCLA MARC 
Introduce meditation skills Heart rate line trace Length: 05:31 
Train present moment awareness Pacer Trained breath focus, and returning to 
the breath after wandering thoughts 
Trained diaphragmatic breathing, and 
paced breathing 
Integration 
Although on the first day of training the two modalities are not integrated, the participants are introduced to each 
independently. Physiological self-awareness was trained through respiration biofeedback and mindfulness of breathing. 
Present moment focus was emphasized by concentrating with respiration biofeedback, and through meditation of the breath. 
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Intervention Phase 1 
Day 2 
Goal Biofeedback Screen Meditation 
Practice diaphragmatic breathing HR & Resp graph & pacer - 1mon Breath Awareness 
Build physiological self-awareness Respiration line trace Source: UCLA MARC 
Practice meditation skills Heart rate line trace Length: 05:31 
Train present moment awareness Pacer Continued to trained breath focus, and 
returning to the breath after wandering 
thoughts 
Trained diaphragmatic breathing, and 
paced breathing 
Integration 
Some integration began to occur as participants noticed the connection between awareness of breath across the biofeedback 
training and the meditation. Physiological self-awareness training continued through respiration biofeedback and 
mindfulness of breathing. Present moment focus continued to be emphasized by the researcher in both the biofeedback and 
meditation. 
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Intervention Phase 1 
Day 3 
Goal Biofeedback Screen Meditation 
Practice diaphragmatic breathing HR & Resp graph & pacer - 1mon Mindful Breathing Practice 
Build physiological self-awareness Respiration line trace Source: Mindful.org 
Practice meditation skills Heart rate line trace Length: 04:53 
Train present moment awareness Pacer Different meditation, but continue to 
train breath focus, and returning to the 
breath after wandering thoughts 
Trained diaphragmatic breathing, and 
paced breathing 
Integration 
Continued building awareness of complementary nature of respiration biofeedback training and mindfulness of breath 
meditation. Physiological self-awareness training continued through respiration biofeedback and mindfulness of breathing. 
Present moment focus continued to be emphasized by the researcher in both the biofeedback and meditation 
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Intervention Phase 1 
Day 4 
Goal Biofeedback Screen Meditation 
Practice diaphragmatic breathing Training - Resp graph - 1mon Mindful Breathing Practice 
Build physiological self-awareness Training - HR & Resp graph - 1mon Source: Mindful.org 
Introduce heart rate Training - HRV % power - 1mon Length: 04:53 
Practice meditation skills Continued breath training, and 
integrated heart rate. Showed coherence 
between respiration trace and heart rate 
trace. Began training maximum HRV, 
and HRV % power. 
Continued to train breath focus, and 
returning to the breath after wandering 
thoughts 
Train present moment awareness 
Integration 
Introduced heart rate and HRV training. This added to continued physiological awareness building. Self-awareness training 
continued through respiration and HRV biofeedback, and mindfulness of breathing. Present moment focus continued to be 
emphasized by the researcher in both the biofeedback and meditation. 
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Intervention Phase 1 
Day 5 
Goal Biofeedback Screen Meditation 
Practice diaphragmatic breathing Training - Resp graph - 1mon Mindfulness of Thoughts, feelings and 
physiological sensations Build physiological self-awareness Training - HRV % power - 1mon 
HRV training Continued breath training. Continued 
training coherence between respiration 
trace and heart rate trace. Continued 
training HRV % power. 
Source: Inna Khazan 
Practice meditation skills Length: 10:52 
Train present moment awareness Used longer meditation to begin to 
build stamina. Continued focus on the 
breath, as well as the body. Introduced 
mindfulness of thoughts and feelings. 
Continued training the wandering 
mind. 
Integration 
Biofeedback and mindfulness fully complementary in the training. Biofeedback was training physiological self-awareness of 
breathing and heart rate. The meditation focused on the breath and physiological sensations. The researcher guided the 
participant in returning to the present moment focus on both types of skills training. 
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Intervention Phase 2 
Training was similar for all Phase 2 meetings (3-7 days) 
Goal Biofeedback Screen Meditation 
Practice breathing awareness Training - Resp graph - 1mon Individual at-home practice 
Build physiological self-awareness Training - HRV % power - 1mon Frequency: daily attempts 
HRV training Continued breath training, and 
integrated heart rate. Showed coherence 
between respiration trace and heart rate 
trace. Began training maximum HRV, 
and HRV % power. 
Duration: as much as possible 
Train present moment awareness  
Practice meditation skills at home by 
themselves 
Integration 
Introduced heart rate and HRV training. This added to continued physiological awareness building. Self-awareness training 
continued through respiration and HRV biofeedback, and mindfulness of breathing. Present moment focus continued to be 
emphasized by the researcher in both the biofeedback and meditation. 
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Appendix I 
Meditation Audio Transcripts
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Appendix J 
List of Guided Meditations 
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Stress Assessment Summary Data 
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